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ABSTRACT
Radiation Isolation and the Impact of Care: Nursing Knowledge and Perception of Radiation
Risks
by
Bae P. Chu
Advisor: Brian Pavilonis, PhD
Background: The safety challenges encountered when employing ionizing radiation to treat
patients and manage radiation exposure and contamination have been well established in
previous research. However, little is known about nurses’ understanding of the risks associated
with ionizing radiation and how they respond to their own perceptions of risk. Although a wealth
of literature shows an association between radiation treatment and negative patient experiences,
there remains a lack of understanding of the basis of these perceptions among nurses. Increased
ionizing radiation diagnoses and treatment means that nurses are at a higher risk of radiation
exposure today than thirty years ago.1 This study focused on unsealed radionuclide therapy,
which requires nurses to take a series of safety precautions. Since previous research has found a
correlation between nurses’ negative perceptions of radiation exposure and their willingness to
provide care, this study aimed to understand inpatient nurses’ perceptions of their radiation
exposure risk while delivering care. This understanding will help identify educational material
and opportunities to address inpatient nursing concerns.
The research aims to meet the following objectives:
Aim 1: To understand how nursing staff perceives radiation risk, associated feelings, and any
impact on practice involving radiation isolation patients.
Aim 2: To examine the knowledge and attitudes of nurses around radiation protection.
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Aim 3: To assess lead and clear rolling shields used in radiation isolation rooms through
modelling and exposure data.
Methods: For Aim 1, focus groups with open-ended questions allowed for seeking further
clarification from participants. Participants were inpatient oncology nurses at Memorial Sloan
Kettering (MSK) to enhance the sample’s homogeneity through similar education, radiation
training, and experiences. The final sample consisted of 21 inpatient MSK nurses which
accounted for 35% of nurses who provided care to patients who need radiation isolation. Three
main topics were examined: (a) perceived risk concerns, (b) hospital environment/infrastructure,
and (c) radiation safety knowledge and awareness. For Aim 2 a validated online questionnaire
was administered to assess nurses’ radiation protection knowledge, perceived threats of working
around radiation, occupational nursing characteristics, cognitive radiation protection knowledge,
and attitudes regarding institutional radiation, policies, precautions, and exposure. Aim 2 goals
assessed the frequency of correct answers and percentage and level of radiation knowledge
through SPSS 25.0, whether nursing shifts and caring for radiation patients were related to
knowledge and attitudes through Mann-Whitney U-test, and determine whether years of nursing
experience, radiation knowledge, and attitudes towards radiation programs were associated with
willingness to provide care through Spearman’s correlation. Aim 3 determined how effective the
lead and clear rolling shields are at reducing exposure to caretaker and nurses while used during
radiation isolation set-up for patients receiving radiopharmaceutical therapies. This study was
conducted in standard private hospital rooms to assess the attenuation of rolling shields and
radiation exposure. Monte Carlo N-Particle (MCNP) simulations were adopted to model the
distribution of radiation within the treatment rooms, ensure that shields were used appropriately,
and measure the attenuation differences of rolling shields based on the material. Real-time
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exposure data worn by caretakers when the lead and rolling shields were in use was evaluated
and extrapolated to occupational exposure.
Results: Upon qualitative analysis of the focus group interviews, six themes were identified: (a)
nurses’ concern over radiation risk, (b) inconsistencies in radiation isolation infrastructure, (c)
radiation safety training deficiencies, (d) misconceptions resulting from the identified
inconsistencies, (e) differences in perceptions of radiotherapy between day- and night-shift
nurses, and (f) differences between nurses attending to adult- and those attending to pediatricpatient populations. Results were that 77.6% of participants exhibited average knowledge of
radiation protection strategies. The central theme identified was the association of radiation
concerns with the deficiency of information around radiation protection. Also, there were
identifiable gaps in training between daytime and night-shift nurses. Participants expressed
interest in learning more about risks associated with radiation exposure and addressing radiationrelated emergencies such as leaks, spills, and contamination. Moreover, the nurses called for a
standardization of radiation care to enhance their understanding of their roles and reduce
variation in care protocols. There were statistical differences between lead and clear shields in
terms of average and peak weighted exposures for care providers. Despite these differences, both
shields were determined to offer sufficient radiation protection since both resulted in exposure
levels below public and occupational dose limits.
Conclusion: This research led to specific conclusions and implications for practice surrounding
radiation isolation. The findings revealed that nurses’ negative perceptions of radiation risk
adversely impacted care for patients requiring radiation isolation since there were some
reservations and unwillingness to provide such care. Some of the perceived barriers were
insufficient knowledge surrounding radiation exposure, transmission, fertility risks, and other

iv

potential short- and long-term side effects. The lack of information was a significant barrier as it
led to fears and misconceptions around radiation exposure. The identified subgroup differences
(such as between daytime and night shift nurses and between pediatric and adult patients’ nurses)
present significant challenges to providing high-quality radiopharmaceutical therapy. These
challenges should be understood to offer support to nurses in order to fully address their
concerns when caring for radiation isolation patients and enhance their preparedness to handle
emergencies. Also, standardization of treatment protocols and patient care would help create a
consistent infrastructure for care provision, eliminating some of the concerns and misconceptions
identified. Conducting the study during the COVID-19 pandemic presented a significant
challenge but provided valuable insights into overcoming radiation stigma.
Nurses need adequate training on safely handling emergencies due to the increased risk
they undertake. Standardization of radiopharmaceutical protocols should be implemented to
improve nurses’ safety, reduce variations in care provision, and enhance their understanding of
their roles. These concerns would be better addressed by refining the radiation safety curriculum.
When administering high doses of I-131 radiopharmaceutical therapy, rolling lead shields
are recommended for use in non-dedicated lead-lined rooms since they allow nursing staff to be
in the same room as the patients and maintain exposure levels below regulatory limits. On the
other hand, clear rolling shields allow direct line of sight with the patients and offer weight
savings. Hence, both clear and lead rolling shields can be used together to limit radiation
exposure to caretakers and nurses when providing care.
The findings from this study captured the perspective of nurses regarding the care of
patients requiring radiation isolation. The analyses point towards radiation training topics that are
not addressed, leading to pre-conceived misconceptions. The study teased apart deficiencies in
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safety training, operational infrastructure, inconsistent information, and special sub-populations
among inpatient nurses. The insights from the study highlighted key areas of clinical and
practical interventions to address negative associations around caring for patients in radiation
isolation.
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CHAPTER 1: INTRODUCTION
Radiation for cancer treatment has been used for more than a century into the presentday, driven by advancements in science, technology, some cutting-edge treatments, and a new
age of patient care.2 The specialty of oncology nursing has evolved from comforting cancer
patients at the bedside to coordinating the delivery of complex radiation treatments. However,
the associated fears and misconceptions about radiation treatments continue to impact the critical
role that nurses play in treating and supporting patients with cancer. We need to understand
better where oncology nurses’ radiation fear stems from as well as support and better equip them
with education to demystify radiation, allowing for successful care coordination.
History of Radiation Protection
Radiation protection emerged in 1928 when health effects from exposure to radiation
were initially recognized.3-5 The early hazards of radiation resulted from injuries that appeared
among patients, physicians, and scientists from medical and industrial use of X-rays and radium
that resulted in eye injuries, x-ray, dermatitis, swelling, blistering, and skin burns. 3-5 It was later
learned from animal studies that radiation exposure can change the structure of DNA molecules,
and the health effects can be categorized into stochastic (non-threshold level of dose, such as the
risk of getting cancer) and deterministic (threshold dose level that causes injury, such as skin
burns and dermatitis) effects. 6 The first exposure dose limits were tolerance doses, which were
implemented to protect medical workers and were set at levels where workers could
continuously be exposed without any observable injury.3 The tolerance dose limits were 0.2
Roentgen per day, 25 Roentgen per year, and 5 Roentgen for finger dose for people exposed to
X-rays. These limits were considered to be below the levels where damage would occur.3
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It was not until after the atomic bomb explosions in Hiroshima and Nagasaki that fission
products of new radionuclides, which did not exist in nature, were created. These revealed that
different types of radiation with varying photon energies and tissue interaction depths could
have different radiotoxicity to the human body.7 Among the atomic bomb survivors, there were
increased cancer rates and growing concerns over potential radiation exposure from atomic
energy. This historical event brought about public outcry for stricter radiation protection
regulations.
Tolerance dose limits were abandoned and replaced with permissible dose levels, which
limit the whole-body dose to 5 rem per year, extremity dose to 50 rem per year, the lens of the
eye dose to 15 rem per year, 0.5 rem for declared pregnant workers, and 0.1 rem to members of
the public.3,8,9 Table 1.1 presents the maximum permissible dose equivalent for occupational
exposure, member of the public limits and lower limits for pregnant women and children who are
more radiosensitive. A developing fetus is more susceptible to the effects of ionizing radiation in
the early period of pregnancy, from 14 to 40 days post-conception, when the embryo is growing
and the cells are rapidly dividing.10 Also more susceptible are children who are growing and are
more radiosensitive, particularly in the first 10 years of life.11
Table 1.1: Annual maximum permissible dose limits for occupational employees and members
of the public in conventional United States (US) units and International Systems of Units (SI)
Dose Limits

US units

SI units

Occupational Whole Body

5,000 mrem (5 rem)

50 mSv (0.05 Sv)

50,000 mrem (50 rem)

500 mSv (0.5 Sv)

15,000 mrem (15 rem)

150 mSv (0.15 Sv)

Deep Dose Equivalent
Occupational Whole Body
Shallow Dose Equivalent
Occupational Lens of Eye
Dose Equivalent
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Occupational Skin Extremities

15,000 mrem (15 rem)

150 mSv (0.15 Sv)

Declared Pregnant

500 mrem (0.5 rem)

5 mSv (0.005 Sv)

Worker

Gestation period

Gestation period

Member of the Public

100 mrem (0.1 rem)

1 mSv (0.001 Sv)

The dose limits for radiation workers are substantially higher than for members of the
public. However, these limits are based on levels considered safe and unlikely to cause harmful
effects, coupled with the philosophy of keeping exposure as low as reasonably achievable
(ALARA), to take every precaution to minimize exposure for healthcare personnel while
facilitating healthcare benefits.3,7 More than six decades later, permissible dose limits and
ALARA principles are still practiced and used in radiation protection. Figure 1.1 outlines the
steps to consider when implementing a radiation protection plan to keep radiation levels
ALARA.12-17

Evaluation of how to otimize
radiation protection

Figure 1. 1: Optimizing radiation protection plan, adapted from Safety Series No. 2118,19
Evaluation of exposure
situation
Identify and quantify
dose reduction factors
Options with respect to
dose reduction factors
Recommended options
for protection
Decisions for ALARA plan
and implementation

Figure 1.1 Radiation protection is optimized through a risk evaluation and management analysis. The
steps identified are based on exposure situations, quantifying dose, options to reduce dose, the number of
people exposed and the magnitude of resources and level of protection that can be achieved to implement
plans to maintain ALARA
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Regulatory Bodies and Dose Limit Models
Radiation protection interplays among science, philosophy, and regulatory practices to
create a myriad of radiation protection policies that are highly regulated on the international,
national, and local levels (Figure 1.2).20,21 The United Nations Scientific Committee on the
Effects of Atomic Radiation (UNSCEAR) and Biologic Effects of Ionizing Radiation (BEIR)
provide scientific evaluations on the effects of radiation.11,20-22 From the scientific studies and
reports generated from UNSCEAR and BEIR, the International Commission on Radiological
Protection (ICRP), World Health Organization (WHO), Food and Agriculture Organization
(FAO), and the National Council on Radiation Protection and Measurements (NCRP) develop
recommendations to provide guidance on radiation protection and radiation exposure
measurements to radiation workers and the public.11,20,22,23 The regulatory bodies are the
International Atomic Energy Agency (IAEA), WHO, FAO, Nuclear Regulatory Commission
(NRC), Environmental Protection Agency (EPA), Occupational Safety and Health
Administration (OSHA), and local agencies.
Each regulatory agency has jurisdiction over different areas of radiation protection. The
EPA regulates external exposure to radionuclides in air, water, and soil from releases of radiation
in the water and emissions in stacks, and they determine the protective action guides (PAGs) for
radiological incidents.24 OSHA has jurisdiction over occupational and workplace settings that
regulate non-ionizing and ionizing radiation exposure in emergency response, waste operations,
and areas related to work-related injuries, illnesses, health concerns, and conditions that pose risk
of serious harm.24 The WHO globally protects the health sector from diagnostic to therapeutic
radiation use in medicine, both from non-ionizing and ionizing radiation sources.25 The FAO
works jointly with the WHO to ensure global food safety and help governments with food
4

legislation. The IAEA oversees the peaceful use of atomic energy and implements safety
standards to protect public health and safety. Analogous to IAEA is the NRC, which governs
dose limits in the United States and is tasked with protecting public health and safety in nuclear
energy. The effective whole-body radiation dose that is regulated by the IAEA is 2 rem averaged
annually and not to exceed 5 rem in any single year, while the NRC dose limit is set at 5 rem per
year. The lens of the eye dose limit adopted by the IAEA as recommended by the ICRP is 2 rem,
while the NRC currently regulates a 15 rem dose limit. The dose limit that is the same in both the
ICRP and NRC is the extremity (hands and feet) dose at 50 rem in a year. 26,27
Figure 1.2: Radiation protection administrations and policy development, adapted from ICRP
109 (111, 112)

Figure 1.2 Radiological protection policies are developed from scientific evaluations to global principles
and philosophies of radiation protection that influences recommendations and regulatory practices on the
international, national, and local levels.
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Most radiological protection recommendations and standards are based on welldocumented health effects among atomic bomb survivors who received moderate to high doses
of radiation.3-5 However, the carcinogenic risk of radiation at low doses is unknown. Therefore,
the concept of ALARA in radiation protection implicitly applies the Linear No-Threshold
Model (LNT), which assumes a linear relationship that any radiation exposure may be
associated with some elevated risk of radiation-induced solid cancer.28-30 To assess whether the
occupational exposure limits are adequately protective, the NCRP assembled a committee of
experts to evaluate new epidemiologic evidence of low-dose exposure to determine if the
literature supported the dose limits and use of the LNT model for radiation protection.31 The
critical review looked at solid cancer tumors, cardiovascular disease, and cataracts. Evaluation of
the studies was based on the epidemiological method, dosimetry, statistical modeling, and
strength of the LNT model for radiation protection. The scientific committee confirmed that lowdose radiation exposure continued to sufficiently support the LNT model among new
epidemiological studies. Most recent studies that associated low-dose radiation with an increased
risk of cardiovascular disease lacked information on lifestyle and medical risk factors such as
diabetes, obesity, and smoking. The one area in the literature with emerging new evidence was
the threshold level of lens of the eye and cataracts.31 In the current analysis of the literature, the
LNT model remains the most prudent means of radiation protection.
The next large undertaking that is being spearheaded by the NCRP is a full-scale
epidemiology study of one million radiation workers, including atomic veterans, nuclear
workers, medical staff, Manhattan project workers, and other military members. The study is
using dose reconstruction that will capture chronic lifetime radiation exposures of more than half
a century instead of using acute radiation doses from Japanese bomb survivors and will follow
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the individual to the cause of death.32,33 The Million-Person Study is an expansive effort that
would provide the information to validate or challenge radiation protection standards and shed
light on the unknown effects of radiation at chronically low doses.
Medical Complications of Patients in Radiation Isolation
External beam, interventional radiology and brachytherapy can pose serious medical
complications to patients and potential radiation exposure to staff. However, since the literature
focused on radiation isolation, the medical implications and side effects will be based on
unsealed radiopharmaceutical therapies. The most commonly used of these therapies is Iodine131 (I-131), which is used to treat the thyroid gland or for cell-targeted therapy such as metaiodobenzylguanidine (MIBG) attached to the radionuclide.34 I-131 is a beta and gammaemitting radionuclide requiring patients to be isolated because of external exposure and internal
hazards. The half-life of I-131 is 8.06 days, and it can change directly from solid to gas, making
it highly soluble and volatile, which are important factors to consider in radiation protection and
radiation isolation.35 Allergic reaction to an orally or intravenously administered
radiopharmaceutical is rare, but the side effects to look for include difficulty breathing, fainting,
chills, fever, redness of the skin, severe headache, nausea or vomiting, skin rash, hives, or
itching, stomach pain, and swelling of throat, hands, or feet.36 The side effects of any
radiopharmaceutical can greatly vary depending on the different radionuclide, but the most
common side effects include vomiting, nausea, diarrhea, dehydration, and swelling of the
limbs.36
For 35 years, therapeutic doses of I-131-MIBG have been given to children with
metastatic neuroblastoma, and, while tolerated well, the main side effects of the therapy are
hematological toxicity (affecting blood, bone marrow, and lymph nodes) and possible nausea or
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vomiting.37 The treatment population is important to consider when thinking of
radiopharmaceutical therapy and radiation protection. For younger children treated with I-131MIBG, bladder damage is a concern because they tend to hold their pee longer before going to
the bathroom. Much of the excess I-131-MIBG leaves through the urine, and holding urine in the
bladder could cause damage. Therefore, Foley Catheters are placed before the start of I-131MIBG treatment to protect the patient’s bladder. While the bladder is protected with the Foley,
there is the potential for leaks that could result in external contamination on the patient’s skin
that could lead to radiation burns if not cleaned properly. These are special considerations and
side effects to think about when treating this young population.38 It is important to understand the
medical complications patients can incur in radiation isolation when treated with
radiopharmaceutical therapy. With a strong foundation, nurses can comfortably understand how
to respond and appropriately care for radiation isolation patients.
Research Gaps
Researchers have evaluated the safety challenges of treating radiopharmaceutical
patients as well as managing radiation exposure and contamination, but very little is known
about how nurses understand the risks of ionizing radiation.21,39-52 Previous research on radiation
isolation has primarily focused on patients’ perceptions, and few studies have investigated those
of nurses caring for patients who require isolation from radionuclide therapy. Though research
has found that nurses associate radiation treatment with negative experiences, no research has
provided a deeper understanding of the causes of these perceptions. 53-55
Research Aims
Misconceptions about radiation are common, blurring the line between facts and myths.
The word “radiation” conjures fear and images of a radioactive mushroom cloud or nuclear
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explosion. However, we are naturally surrounded by radiation and routinely use it to diagnose
patients with injury or use it as a primary cancer treatment modality. For patients who are treated
with high levels of radioactivity and who require radiation isolation, care can be hindered by
health care personnel’s negative views of radiation.15,53,56
This dissertation is concerned with radiation isolation to extend understanding of the
nursing population’s perceptions regarding its barriers and threats. To accomplish this, the
project used three sources of data: focus groups, a radiation safety questionnaire, and a radiation
exposure assessment. Each method yielded complementary information clarifying how nurses
understand radiation risks and barriers to patient care. This dissertation endeavored to
Aim 1: Understand how nursing staff perceives radiation risk (e.g., severity of risk, hazard, threat
to health, uncertainty, and anxiety), feelings, and any impact on practice associated with patients
in radiation isolation.
Sub-Aim 1a: Determine if there are differences in care and concerns between nurses who
work with pediatric versus adult patients.
Sub-Aim 1b: Explore nurses’ perceptions of radiation isolation infrastructure and set-up.
Sub-Aim 1c: Determine if there are deficiencies in the hospital environment and
infrastructure.
Aim 2: Understand nurses’ level of radiation safety knowledge and identify specific areas of
education that would increase nursing knowledge.
Sub-Aim 2a: Characterize nurses’ level of radiation protection knowledge in large cancer
treatment hospital in the US.
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Sub-Aim 2b: Determine level of radiation safety knowledge and attitudes according to
their general and occupational characteristics (Day or night nurses, years of experience,
or nurses who cared for radiation patients).
Sub-Aim 1c: Evaluate the attitudes and perceptions that nurses have towards radiation
protection and training.
Aim 3: Understand the set-up of radiation isolation rooms and how effective different rolling
shields (opaque lead shields and clear rolling shields) are at reducing radiation exposure by
evaluating doses to caretakers of pediatric patients who receive therapeutic administration of I131 MIBG.
Sub-Aim 3a: Monte Carlo simulations to evaluate radiation exposure level distribution
with lead and clear rolling shields.
Sub-Aim 3b: Analyze the attenuation differences between lead and clear rolling shields.
Sub-Aim 3c: Estimate occupational exposure from caretaker exposure data when the lead
and clear rolling shields were used.
Conceptual Framework
Two theories drive the conceptual framework: Cancer Stigma Model and the Health
Belief Model.57-59 Cancer stigma has six domains, and, once individuals become stigmatized and
categorized as being different from the norm, they can be discriminated against, isolated, and
ostracized.58 Moreover, patients in isolation for radiation treatment are disproportionately
vulnerable and susceptible to negative psychological effects, fear, anxiety, and stigma.11,39,60-62
Once cancer patients in radiation isolation are stigmatized, negative reactions from nurses can, in
turn, impact patient health and care.58
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The Health Belief Model ultimately depends on how the decision to take action is
influenced by a person’s perceptions of the benefits and barriers related to health behavior.63
Central to applying the Health Belief Model to this research is understanding the perceived
threats of radiation exposure that nurses associate with cancer patients in radiation isolation. The
model assumes attitudes and behaviors influenced by perception of risk, the degree of radiation
exposure consequences, perceived obstacles and cues to action that would identify what triggers
or information would promote awareness to change behavior.63 The Health Belief model is based
on variables and beliefs that influence action, while the Cancer Stigma model identifies the
stigma that could lead to negative patient health consequences.
Combining these two theories, it was hypothesized that the stigma associated with
radiation isolation correlates to patient care, which can be influenced by the perceived barriers
and perceived threats that nurses associate with these patients. The conceptual framework
identifies a relationship between the varying degrees of risk and the outcome of patient health
consequences (Figure 1.3).
Figure 1.3: Conceptual framework of perceived threat of radiation exposure and transmission
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Figure 1.3 The conceptual framework of radiation isolation are based on two models, cancer stigma
model and the health belief model. The combination of the two models identifies the stigma associated
with cancer patients in radiation isolation which can influence the negative perceptions that nurses
associate that can lead to patient health consequences.

Importance of Addressing the Problem
Health care workers which are predominately made up of nurses make up the largest
group exposed to man-made radiation 11,60. Ionizing radiation in diagnostic images and
radionuclide therapy has improved patient care in both clinical diagnosis and treatment of
disease, but its increased use in medicine requires more safety measures to protect nurses from
exposure. Among the radioactive particles (alpha, betas, and gammas) used, unsealed
radiopharmaceutical treatments with gamma radiation require the most stringent control
measures that include isolation, radiation contamination (from bodily fluids that have trace
amounts of radioactive materials), and utilization of shields. This research focuses on unsealed
radiopharmaceutical therapy that requires radiation safety precautions for nurses.
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Studies have found a correlation between nurses’ negative perceptions of radiation
exposure and their willingness to provide care to patients. The major themes are decreased staff
engagement, increased safety practices, and psychological impacts seen among both patients and
nurses. This study aimed to understand how nurses perceive their radiation exposure while caring
for patients in radiation isolation. The intended outcomes were to identify educational resources
and opportunities to address risk concerns among inpatient nurses.
Addressing the Research Questions
Nurses’ perspectives on patients in radiation isolation are unknown.64-66 This mixedmethods study (a) used focus groups to better understand how nurses feel about caring for
radiation isolation patients, (b) administered a validated survey instrument to examine nurses’
knowledge and attitudes in regards to radiation protection, and (c) conducted an assessment of
shields used in radiation isolation rooms to evaluate the infrastructure and environment of
radiation protection (Figure 1.4). Aim 1 was to capture insights from nurses qualitatively. Aim 2
was to explore nurses’ knowledge and attitudes qualitatively and quantitatively through a focus
group and a survey. The mixed-methods approach to meeting Aim 2 helped identify areas of
radiation knowledge that can be used to improve patient care. Aim 3 was to assess two different
shields used for radiation isolation set-up. The data allowed for an assessment of the attenuation
of radiation isolation shields and for a better understanding of typical patient dose and exposure
by normalizing the exposure rate per administered activity.
Figure 1.4: Mixed-method design to understand radiation knowledge, attitudes, and perceptions
around radiation
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Figure 1.4 The mixed-method design incorporates qualitative information from focus groups comprised
of nurses caring for patients in radiation isolation and quantitative data from the survey instrument to
measure nurses’ radiation knowledge and attenuation of shields used in radiation isolation rooms.

Research Summary
This dissertation contextualizes nurses’ perspectives in an environment with increasing
therapeutic use of ionizing radiation. This dissertation has five distinct chapters. This chapter
introduced the questions, the importance of the questions, and how I addressed the problems.
Chapter 2 will provide insights of inpatient nurses who have cared for patients in radiation
isolation and discuss the core issues in a focus group. The focus groups considered the radiation
isolation environment, perceived threats, knowledge, and education (Aim 1). Chapter 3 will
focus on specific radiation safety knowledge, attitudes around radiation, knowledge gaps among
nurses, and areas where additional educational resources are needed (Aim 2). The online survey
and focus group questions about knowledge and education build on each other. Chapter 4 will
14

focus on the radiation isolation environment and will primarily evaluate the radiation exposure of
two different rolling shields used at different time points (Aim 3). Chapter Five will summarize
and synthesize the findings from Chapters 2 to 4, discuss the implications of the findings, and
provide recommendations for patient practice and future work.
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CHAPTER 2: NURSING PERSPECTIVE ON RADIATION ISOLATION
Introduction
The use of ionizing radiation has increased remarkably due to technological
advancements in diagnostic applications and therapeutic modalities for cancer treatment that may
require patients to be in radiation isolation. In radiation isolation settings, oncology nurses play
an instrumental role in contributing to the quality of patient care, clinical practice, engagement,
safety, and patients’ psychological effects. While studies have evaluated the patient’s perspective
around hospital isolation, limited studies have looked at the nursing perspective. Previous
research has indicated that isolation is associated with increased work environment stress in the
nursing profession but have not specifically looked at radiation isolation stressors.67 This
research aimed to understand the stressors associated with radiation isolation precautions and
identify tools to support oncology nurses. In addition, the research efforts focused on
understanding negative perceptions and stigma associated with radiation isolation among health
care personnel and what can be done to improve care and re-organize isolation precautions.68
History of hospital isolation
Dating as far back as 2000–1200BC, isolation has been used to control and prevent the
spread of infectious diseases by separating infected people from the wider population3. Hospital
isolation has impacted several aspects of patient quality of care, engagement among staff, and
mental well-being and safety practices.4-6,23,31 Moreover, patients in isolation for radiation
treatment are a disproportionately vulnerable population and more susceptible to negative
psychological effects, fear, anxiety, and stigma. 6,33,69,70 Nurses can potentially mitigate these
adverse effects.
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Isolation precautions are necessary and warranted, whether to create a barrier between
people and pathogens to control the spread of infectious disease or to reduce radiation exposure
to nurses and members of the public. Infection control has predated radiation isolation, and a
substantial number of studies examined the impacts of isolation on patients and health care
personnel.
Infection isolation and radiation isolation
The literature on radiation isolation is limited. However, the similarities between
infection isolation and radiation isolation allow for meaningful comparisons. Both infection
isolation and radiation isolation use personal protective equipment (PPE), warning signs and
labels, dedicated disposal containers, enhanced or special housekeeping practices, exposure
controls, contamination controls, fewer visits from health care, and universal precautions. They
also result in similar psychological effects observed among patients (Figure 2.1). Infection
control differs from radiation isolation in terms of transmission, different categories of isolation,
room controls, outbreak intervention, and challenges of multi-resistant organisms.71-78 The
differences identified in radiation isolation compared to infection isolation are the use of portable
shields or built-in shielding in the dedicated rooms, use of radiation badges, patient radiation
complications, and a more positive outlook among patients who have time to prepare and
recognize the benefit of the treatment.
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Figure 2.1: Infectious isolation and radiation isolation

Figure 2.1 This Venn diagram depicts the similarities and differences between infectious isolation and
radiation isolation. The overlap between the two circles shows the commonalities that are shared between
the different type of isolation.

Patient Care
Health care personnel provide less patient care for those who are in isolation precautions
while practicing more safety precautions than for patients who are in non-isolation rooms.79
Kirkland and Weinstein conducted observations of patient rooms (infection isolation and nonisolation rooms) to note the number of times health care personnel visited the patients and
whether standard precautions were followed.79 The researchers found that health care personnel
were half as likely to enter isolation rooms but were compliant with gowns, gloves, and
handwashing after seeing patients in isolation.79 Standard precautions were applied across the
board before and after seeing patients, and health care personnel only washed their hands for
34% of encounters with patients in non-isolated rooms compared with washing their hands 83%
of the time after caring for patients in isolation.79 Evans et al. similarly used the same
observational method to record the number of visits by health care personnel, the duration of the
22

visit, and compliance with isolation precautions.80 The authors found that health care personnel
were two times more likely to visit non-isolated rooms compared with isolated rooms, and
compliance with isolation precautions was 43%, but the study did not compare standard
precautions such as hand washing for non-isolated patients.80 The duration of visits by health
care personnel was slightly shorter for patients in isolation than for non-isolation groups but not
statistically significant.80 Sedhom and Yanni demonstrated nursing fear of radiation based on
responses to four clinical situations.81 The study identified that participants felt anxious caring
for radiation patients and provided little engagement and little to no verbal interaction with the
patient.81
Nurses and patients alike identified that PPE was cumbersome; therefore, associated
protocols were often not followed by all health care personnel.82,83 In a study by Ngam et al., the
authors used focus groups to explore compliance barriers in a patient safety initiative program.84
One of the organizational concerns and issues raised in the focus groups was task-related items,
such as the time required for donning and doffing gloves and gowns to enter the room and
contact isolation.84 The participants in Knowles’ study also expressed similar feedback that
donning protective clothing is a “time-consuming activity that reduces the frequency and speed
of response.”78 These studies were observed in infection isolation, but radiation isolation has
similar PPE requirements for entering patient rooms, and these results can likely be applied for
radiation isolation precautions as well.
Quality of Care for Patients in Isolation
Patients in isolation are more at risk than non-isolated patients for receiving poorer
quality of care.65,73,75-78,85,86 Stelfox, Bates, and Redlmeier compared vitals for isolated patients
(methicillin-resistant Staphylococcus aureus colonization) and found days of nurses’ or
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physicians’ progress notes missing.87 The patients in isolation and non-isolation all had a cardiac
disorder. However, the patients in isolation did not have routine tests done or recorded and were
less likely to have a stress test or angiogram to evaluate heart function.87 The results of the
poorer quality of care provided to isolated patients revealed these patients were two times more
likely to have preventable adverse events, such as falls, drug errors, and fluid and electrolyte
errors, while hospitalized.87,88 For patients in radiation isolation, empty progress notes, lack of
assistance when going to the bathroom, and absence of routine tests pertaining to weight and
vitals were also commonly experienced.
In a study of pediatric patients with radiopharmaceutical I-131 MIBG in radiation
isolation, caretakers took on nursing duties while the child was being treated in the hospital.15 In
another study of pediatric patients, the institution used continuous sedation while the patient was
in radiation isolation from 5 to 8 days to reduce radiation exposure for family members and
health care personnel.89 There are adverse effects associated with this extended sedation,
resulting from grade 1-2 hypotension (62%) and bradycardia (38%).90 Patients’ care should be
the responsibility of the health care provider, and caretakers should not take on nursing duties,
even if the patient is in radiation isolation. Similarly, young children do not need to be sedated
for the duration of radiation isolation therapy to maintain radiation levels at ALARA. In another
study with the same population and the same young age group and disease, the nurses cared for
the patient and sedation was not needed.38
Psychological Impacts of Isolation
Most studies that focused on the psychological impacts of isolation showed negative
effects on patients. Exceptions were the work by Newton et al. and Wilkins et al., which revealed
little evidence of negative psychological effects.91 Apart from these studies, most research found
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isolation was associated with negative psychological impacts. Isolated patients are prone to
loneliness, have higher levels of anxiety, depression, and feelings of abandonment and stigma
when compared with control groups.64,65,68,71,78,82,92-96 These patients feel isolated by being
hospitalized, by their disease, and by the stigma of radiation.65
Research has found that there are clinical challenges to the care of patients in isolation.
From the patient’s perspective, researchers noted anxiety about the environment as well as
feelings of lacking control, loneliness, and imprisonment.75,83,97 Given isolation restrictions,
visits from family and friends are both shorter and less frequent. The main themes that emerged
from patient-centered research are the importance of interactions with health care personnel and
the quality of care. Patients in isolation heavily rely on nurses, but there is limited research on
what kind of support nurses need to better care for these patients.
Knowles conducted in-depth interviews with eight patients and nurses to explore their
experiences with and perceptions of isolation.78 Both temporary staff and ancillary staff
expressed fear of being infected by the patient.78 Nurses expressed that patients in isolation could
have psychosocial issues they do not feel equipped to handle, causing them to avoid these
patients.78 The results of a similar study conducted by Oldman did not find that nurses were
concerned with the risk of infection, but they did feel guilty for not being able to adequately
spend time with patients in isolation because of regular duties.96
In lieu of a more detailed understanding of perceptions of radiation isolation, nurses may
share the same association of radiation as the public.98 In the public, there is a powerful negative
image associated with radiation that has been intensified due to the increased amount of radiation
used for diagnostic imaging and cancer therapy as well as health concerns from nuclear power
plants after an accident in Fukushima resulted in the release of low levels of radiation.99-102 There
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is a knowledge gap regarding radiation concepts among both the public and health care
personnel, and fear is typically generated by the unknown.94,99 In a study by Dauer et al., a pretest and post-test were used to evaluate the impact of an educational intervention on the cognitive
understanding of radiation concepts among 750 registered inpatient oncology nurses. They cared
for cancer patients who were treated with radiation, yet the mean initial pre-test score was
58.9%.53 Seong et al. surveyed biologists, epidemiologists, and medical staff practicing in
nuclear medicine, radiation oncology, and medical imaging on radiation risk perception and
concepts.102 The results revealed negative risk perceptions of radiation in research that would
induce minor or harmful health problems compared with background radiation levels.102 The
negative perceptions of radiation overshadowed its beneficial uses in medicine.102
There has only been one study that evaluated the psychological effects of patients in
radiation isolation after radionuclide therapy for thyroid cancer, liver carcinoma, neuroendocrine,
and hyperthyroidism.65 Brans et al. used a series of questionnaires to assess 24 women and 24
men in radiation isolation on patient anxiety, depression, hopelessness, personality
characteristics, and coping strategies. In this study, the authors found that age, gender,
relationship status, education, duration of hospitalization, and disease type did not contribute to
higher levels of anxiety, depression, and hopelessness compared.65 The results provided some
information comparing low-anxiety patients with high-anxiety patients but did not reveal how
health care practitioners felt. Additionally, patients’ and healthcare personnel's views on
radiation isolation could be very different because patients benefit from being in isolation.65
Objectives
The main objective of the study was to understand how nursing staff perceives radiation
risk (e.g., severity of risk, hazard, threat to health, uncertainty, and anxiety), feelings, and any

26

impact on practice associated with patients in radiation isolation. The specific research questions
addressed were as follows:
1. Identify nurses’ perceived risk concerns associated with the care of patients in
radiation isolation.
2. Determine if there are any deficiencies in the hospital environment and infrastructure
surrounding patients in radiation isolation.
3. Determine if radiation training is adequate.
4. Determine if there are differences between nurses who care for pediatric versus adult
patients in radiation isolation.
Method
Focus group
Focus group interviews were used to gather nursing perspectives of this technique’s
utility in qualitative research to capture rich data about perspectives on a given issue and in
efficiently achieving data saturation. This platform served to assess nursing knowledge and
opinion around the radiation isolation environment, perceived threats around radiation, barriers
along with open-ended questions and the flexibility to probe for further clarification.103 The
focus groups were comprised of oncology inpatient nurses at a large cancer hospital in New
York City who have cared for patients undergoing radiopharmaceutical therapy requiring
radiation isolation. The study was approved by the hospital’s institutional review board, Protocol
X20-006, and the CUNY School of Public Health, Protocol 20-0756. Verbal consent was
obtained prior to the focus group session. The study was outlined for the group along with
guidelines regarding confidentiality and the rules for the focus group. Each participant received a
copy of the verbal consent through email.
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Data collection in the focus groups took place through interviewing, audio recording,
note-taking, and participant observation. Each focus group session lasted 45 to 60 minutes and
consisted of day and night nurses. Due to COVID-19 restrictions, the focus group sessions were
conducted online through a private Zoom platform. Recordings were conducted through Zoom
with a digital, password-protected Olympus voice recorder model DS-3500 as a backup.
Participants attended the session during their days off or during a break in a private room
located in the workplace. Participants were asked to turn on their cameras during the Zoom
session. The moderator (K.L.) was a neutral qualitative methods specialist with an assistant
moderator (B.P.C.). The assistant moderator documented participants’ verbal and non-verbal
cues during the sessions. The neutral moderator was selected because this person had no vested
interest or stake in the outcome of the research to ensure that agendas were avoided in the group
dynamic and that discussions were open and honest.
Setting and participants
The cohort of the focus groups consisted of oncology inpatient nurses who have cared for
patients undergoing radiopharmaceutical therapy requiring radiation isolation. The participants
were from the same floor and treated the same patient population to maximize homogeneity to
allow for similar experiences and open discussions. Three hundred nurses from six inpatient
floors (four that cared for adult patients and two that cared for pediatric patients) were invited to
participate in the focus group sessions. Of them, only about 20% cared for patients requiring
radiation isolation. In all, 29 nurses expressed interest, but five were not able to attend due to
scheduling conflict issues, two did not respond, and one declined, resulting in an attrition rate of
7%. In figure 2.2, the flowchart depicts the participants who were eligible for enrollment in the
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study, exclusion and inclusion factors, total participants in the study, focus group cohorts and the
number of participants included in the analysis.
Figure 2.2: Flow chart of participants in the focus groups

Figure 2.2 This flow diagram assessed participants who were eligible for enrollment in the study,
exclusion and inclusion factors, total participants in the study, focus group cohorts and the
number of participants included in the analysis.
The occupational characteristics of those who participated are summarized and shown in
Table 2.1. Four of the focus group sessions consisted of nurses who cared for adult patients (n =
12, 57.14%), while two groups cared for pediatric patients (n = 9, 42.86%). Among the adult
patient population, there were 5 day (23.80%) and 7 night (33.33%) nurses. Among the pediatric
patient population, there were 7 day (33.33%) and 2 night (9.525%) nurses. The total participants
that represented the day (n = 12, 57.14%) and night (n = 9, 42.86%) shift were comparable.
However, nurses with 5 years or less of nursing experience (n = 13, 61.90%) accounted for the
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majority of the focus group sessions. There was a total of 21 nurses who participated in one of
the six focus group sessions between April 2020 to May 2020, which accounted for 35% of
inpatient nurses who care for patients requiring radiation isolation. Participants received $20 as
an incentive and lunch for their participation.
Table 2.1: Characteristics of focus group session participants
Characteristic
Nursing shift
Cared for
radiation
isolated patients
Nursing
population
(nursing shift)

Years of nursing
experience

N

Percent

Day Shift
Night Shift
Adult

12
9
12

57.14%
42.86%
57.14%

Pediatric

9

42.86%

Adult nurses
(Day shift)
Adult nurses
(Night shift)
Pediatric (Day
shift)
Pediatric
(Night Shift
0-5 years
6-10 years
11-15 years
16-20 years
21-25 years
26-30 years
31+ years

5

23.80%

7

33.33%

7

33.33%

2

9.525

13
4
1
0
1
1
1

61.90%
19.05%
4.76%
0.00%
4.76%
4.76%
4.76%

Interview Guide
The focus group guide was developed around the conceptual framework discussed in
Chapter 1, Figure 1.4. The framework combined Cancer Stigma Model and Health Belief Model.
The combination of the two models identified the stigma tied to cancer patients in radiation
isolation, where varying beliefs are associated with outcomes on patient health
consequences.58,63,104 The conceptual framework developed questions that focused on perceived
threats of radiation exposure and beliefs that influence actions. The guide also included probing
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questions to be used as needed. The focus group guide is found in Appendix B. Qualitative data
from the focus groups were categorized into three major topics: (a) perceived risk concerns, (b)
hospital environmental/infrastructure, and (c) radiation safety knowledge and awareness.
Data Analysis
The focus group sessions were audio-recorded, and Ubiqus (New York, NY) transcribed
the recordings. The assistant moderator noted non-verbal cues and interactions between
participants and moderator (criticism, fight, challenge, dependency, independency from the
group, pairing, and reference) during the sessions. Analysis of the focus group transcripts was
conducted using Dedoose (SocioCultural Research Consultants, LLC, Los Angeles, CA), which
is qualitative research software used to store, organize, and help categorize the information. The
transcripts were read for accuracy by the focus group moderator and assistant moderator before
analysis. An inductive approach was used to organize the information by identifying key
themes/sub-themes, words, and phrases to understand how nurses feel about caring for patients
in radiation isolation. 103,105,106 In analyzing and interpreting the information, saturation was
determined when no new themes emerged and 90% of the themes were discussed in the focus
group sessions. 103,107
The analysis moved from specific categories of related concepts to general data to link
categories to develop and build a theoretical exploratory model through reading, reflection, and
comparison, as actioned in the coding process. 103,105,108 Independent and collaborative analyses
were conducted by three investigators B.P.C, K.L., and C.P. The first process was an
independent review of one focus group transcription to identify the most reoccurring themes also
found in other sessions. After independent analysis, the coding team met to evaluate the primary
themes of the transcript along with illustrative descriptions, evaluated for inter-rater reliability,
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changed, and reviewed the codes. The final stage of the analysis was for the team to meet and
collaboratively reach a consensus on the key themes and subthemes identified, and B.P.C coded
the transcripts of the five other focus group sessions from the established codebook.
Results
After six focus group sessions, similar themes were repeated, and no new information
was introduced. Table 2.2 shows the themes that emerged from an analysis of the focus group
transcripts with descriptor quotes. The findings identified from the data analysis included the
themes discussed in the following sections.
Theme 1: Concerns about radiation risks existed
Oncology nurses in all six focus group sessions expressed concerns caring for patients in
radiation isolation. The concerns about radiation risks included radiation exposure, side effects,
fertility, emergency situations, and psychosocial factors.
Radiation exposure concerns
More education around radiation exposure was expressed in the focus group sessions.
Nurses wanted to understand the radiation exposure they were receiving, how to quantify what
the exposure means, and future health impacts. One commented, “we want to limit our exposure,
but I think a lot of us have a hard time truly quantifying what that means, and what is too much
exposure,” which was a commonly recurring concern brought up by participants.
Concerns about radiation side effects
Nurses perceived that the radiation exposure they received from patients caused side
effects, as one noted,
[What] I find frightening, and anxiety-provoking is the fact that you can feel the effects
of the radiation when you’re working with radiation patient. Leaving that room and having a

32

pounding headache, feeling anxious, feeling your heart rate racing. When you’re going in, you
weren’t nervous, and now you have this whole, you take care of six other patients, and now you
have this anxiety. What’s going on? What’s happening to me in that room? Am I okay? I’m
having physical effects from this.
Participants believed that headaches were a causal effect of the radiation exposure but
were not sure if this was something they were making up or having “a hard time really
understanding very scientifically, rigorously, what this means, and what can actually be a side
effect.”
Fertility concerns
There were concerns surrounding radiation exposure and fertility. Nurses did not know if
caring for a patient in radiation isolation would affect their ovaries, ability to conceive or bear
children. The topic of radiation exposure and fertility was never addressed, resulting in constant
concern.
Radiation emergency concerns
Readiness for emergency situations was a serious concern and worry among nurses on
how to respond, PPE, and the stressors of radioactive contamination from spills, vomit, stool,
and Foleys that could leak. Nurses involved in emergency situations felt uneasy about their
health due to radiation exposure and did not know what bodily fluids were potentially harmful.
The patient isolation circumstance adds a different challenge to patient care and workflow
because “you're having to stop, pause, think about the pt [patient], think about the circumstances
of what you're trying to do with the patient to minimize your impact. But that gives a heightened
awareness, and it definitely adds to the acuity.”
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Psychosocial factors and radiation concerns
Nurses empathized with the patient’s isolation but felt conflicted in having to choose
between risking their own health/safety or neglecting the patient. The personal conflict of
responsibility towards the patient and safety was a struggle. There is the balance of being there
for the patient to help mitigate the “social and interpersonal impacts of isolation,” as well as
limiting radiation exposure and not staying in the room for an extended period. Participants felt a
sense of guilt because they understood that there is a component of isolation, neglect and
depression that the patients could be feeling. The natural instinct is to help the patient, but, at the
same time, there are precautions that need to be followed before going into a radiation isolation
room.
Theme 2: Radiation isolation infrastructure
Nurses identified that there were inconsistent areas in the radiation isolation
infrastructure, which included the lack of standardization, dosimeter badges, PPE, radiation
emergencies and contamination, staff-buy-in, radiation isolation, and COVID-19.
Lack of standardization
The lack of standardization regarding patients in radiation isolation created an
inconsistent infrastructure, both for nurses and patients. One participant commented that “patient,
like, got offended and kind of was upset that the nurse was, like, not fulfilling, I guess, the nurse
duties that we would typically do on any other case or situation.”
Dosimeter badges
The use of electronic dosimeters was inconsistent, and nurses wanted guidelines on when
dosimeters are used. One nurse noted that “I was given a beeper, and I was told not to let it go
over a certain number, and then the next time I had a patient, I was told that the beeper was not
necessary. That whole number thing was thrown out like almost as if there was no, there was no
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guidelines to look it up and see if that was actual real information I was given by a person. It is
all like hearsay, not documented and recorded of what’s going on, what the policy is for that.”
PPE
There was guidance for PPE, but participants believed that additional PPE would provide
more radiation protection. Some nurses asked about a thyroid collar or personal protective
covering such as lead around their body. One nurse believed that “more individualized protection
from the key tissue, like a lead fanny pack you can wear to protect your reproductive tract for
staff in close contact with patients.” Participants wanted additional PPE to feel safe but it was
clear that more education around PPE and an explanation of what should be worn while caring
for patients requiring radiation isolation was needed.
Radiation emergencies and contamination
Nurses did not feel equipped for radiation emergencies and wanted guidance on how to
manage leaks, spills, or vomit that may be contaminated with radioactive materials. Radiation
emergencies and contamination strongly contributed to the stress and perception of personal
safety caring for patients that required radiation isolation. In addition, there was no standard
workflow and exposure assessment following radiation emergencies.
Staff Buy-in
Treatment of radiation isolation patients is not a separate infrastructure from the
institution but part of the larger whole. Nurses are instrumental in providing care to patients and
can provide better support when there is staff buy-in for the treatment. One commented, “There’s
a return on investment when you get the feedback that this is successful or the patient is doing
well, or we bought them some kind of quality of time that even people that could feel personal
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anxiety over something, you feel like you're doing something for a higher purpose when you get
the feedback that the protocol is successful.”
Radiation isolation and COVID-19
There were similarities and infrastructural improvement items identified between
radiation and COVID-19 patients. There were many uncertainties surrounding the COVID-19
pandemic, and PPE recommendations changed frequently, leaving “people feeling unsettled.”
Participants were anxious when the institution started caring for COVID-19 patients, but “with
the proper PPE,” nurses began to “feel a lot more comfortable taking care of the patients” and
knowing what they are “being exposed to daily and there’s like a standard of care.” Nurses still
felt that the care for radiation isolation patients was not standardized and identified the care of
COVID-19 patients could serve as “a model of procedures that could be useful for radiation
isolation.” The institution provided equipment to assist nurses in monitoring patients without
having to be in the room. A participant commented that “taking care of COVID patients, I feel
like MSK has been very supportive to work on our unit. They have given every patient room has
an iPad with an iPad in the station so we can call into to room and see the patient without going
into the room” and the use of the “iPad to facilitate that going forward in future radiation patients
would be very helpful for our nursing staff.”
Theme 3: Radiation safety training
Oncology nurses receive radiation safety training annually along with specific in-service
training when they cared for patients in radiation isolation. Participants identified areas of
radiation training that were sufficient. However, there were still some areas that were insufficient
or inconsistent and led to misconceptions. Additionally, they did not feel equipped to provide
education or communicate with patients and family members about radiation.
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Sufficient training
Nurses had sufficient knowledge of the principles of radiation protection. In all the focus
group sessions, they identified the three basic protective measures for reducing radiation
exposure through time, distance, and shielding. They planned and clustered care before going
into the patient room to reduce exposure. Two out of the six focus groups understood
background radiation exposure as it relates to their radiation exposure from the patient in
radiation isolation. One participant noted that “you’re exposed to [radiation] just by going on an
airplane. To put it in comparison to all the everyday activities we do when we're exposed to
radiation, and then compare it to the amount we're exposed to in a room, I think that definitely
helps putting it into comparison with really how little radiation we're being exposed to.” The
focus group sessions illustrated that some baseline knowledge of radiation was adequate.
Insufficient training
There were still many areas where radiation safety training was insufficient and directly
linked to concerns around radiation risks. One crucial tool in addressing the unknowns around
radiation was to better inform nurses. One participant commented, “I think these concerns, for
me and for a lot of this staff, just kind of come from a lack of knowledge.” The radiation safety
topics where more education was needed were around radiation exposure, PPE, radiation badges,
fertility, emergency situations, and short-term and long-term side effects. The main radiation
concern was exposure, and nurses felt like there was not much education on it and how it can be
quantified in terms of direct health effects. In terms of PPE, there are many different types used
for radiation protection, and nurses wanted to learn more about the different types and what they
should be wearing. Radiation badges were required to be worn when nurses cared for radiation
isolation patients, but they did not understand how these functioned or the numbers they received
from real-time electronic dosimeter after going into a radiation isolation room. Fertility, short37

term and long-term health effects were not addressed in radiation safety training and were a
concern among participants. One nurse commented, “So, that’s kind of just anxiety-provoking,
and no one really addresses the actual physical effects that are happening while taking care of the
patient.” Nurses wanted to hear, “there’s really no real risk or it won’t affect your ability to
conceive.”
Patient/family education and communication about radiation
Nurses did not feel like they were equipped to handle radiation questions and
communication with the patient and family. Patients were educated prior to treatment, but nurses
did not know what the patients were told. One nurse indicated that “Just knowing what they’re
told prior, I think, would be helpful.” By knowing what information is provided to the patient
and family, the roles and expectations of both patients and nurses could be clearly defined “so,
that it isn't, like, a big surprise, like, the way that we function with them when they are
radioactive.”
Theme 4: Misconceptions resulting from inconsistencies
Radiation misconceptions
It was important to understand the radiation misconceptions. Nurses felt like more PPE
meant more protection against radiation. They did not feel protected and wanted more
information about “what they should be wearing.” One nurse thought that the room was being
radiated once the door sign went up. They were thinking about harm to fertility from the
radiation exposure: “I’ll not be able to have children. It crosses my mind.” One nurse thought
that the badge protected her: “Wearing the badge I thought was helpful. Because it’s like you
can’t go over - it made you feel a little bit more protected.” Nurses had some radiation
misconceptions that need to be addressed.
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Inconsistent information
Inconsistent information creates confusion, suspicion of facts, and concern. Radiation
safety inconsistencies and confusion were around radiation exposure, dosimeter badges, and
radiation isolation rooms. One nurse noted that “there is a lot of inconsistencies with education
on exposure and how do we interpret the exposure.” Nurses felt like there were inconsistencies
with the use of the dosimeters. With radiation badges, there are different types that can be
provided, from passive dosimeters and electronic dosimeters, but it was not clear to nurses why
one was used over the other, and that should be explained. The hospital does not have dedicated
lead-lined room specific for patients who require radiation isolation, and nurses expressed that
there were “inconsistencies in what rooms and where these [radiation] patients are assigned.”
While there are preferred rooms used for radiation isolation because of the room size and
considerations of adjacent areas, this information was not specifically explained to nurses.
Theme 5: Differences in perceptions between day and night shift nurses
Difference between day and night shift nurses
There was a distinct lack of resources, support, and training identified among night
nurses compared to day nurses in five out of the six focus groups. Participants included 5 day
and 7 night nurses who cared for adult patients and 7 day and 2 night nurses who cared for
pediatric patients. Five out of the six focus groups identified a distinct daytime and nighttime gap
in training, resources, and support. Night nurses felt like they did not have the resources or
support at night and on the weekends when caring for patients in radiation isolation. Even though
radiation safety staff was available to support nurses 24/7, night nurses felt like they could only
call or ask for support in emergency situations. One participant expressed that there was a
noticeable difference: “I know that between day shift and night shift, it’s very, very different
because I’ve worked on both.” The training that the night nurses was brief, not formal or in39

depth. “I was taught when I was on night shift the day nurse showed me how to change the
Foley, but that was how - - and she kind of just went through it really quickly during report, but
we never really got a formal this is how to take care of that patient. Not in orientation, not in the
residency program, nothing really like the spills.” Night nurses did not feel equipped to answer
patient-related questions and deferred many questions to the day nurses.
Theme 6: Differences between adult and pediatric nursing staff
Care of pediatrics patients
There are unique characteristics that nurses must consider when caring for pediatric
patients. The size and anatomy of a patient is important, and leaks from catheters among
pediatric patients are a radiation contamination concern. One nurse noted, “I've seen many
Foleys leak, and I know kids are smaller and anatomically a little different, so it's harder maybe
to size the catheters. But I can think of at least three patients where there was a decent amount of
leak.” In addition, the dosing and vitals can vary according to the size of the patient. Pediatric
patients have different ranges of cognitive abilities depending on their age, which could add to
behavioral and communication issues. Another factor that nurses need to account for among
pediatric patients is the management of caretakers and their exposure.
Care of adult patients
There are unique characteristics that nurses must consider when caring for adult patients.
Older adult patients have different cognitive abilities from “hearing loss and memory loss,”
clinical abilities and some challenging patients that require more nursing assistance. Nurses must
approach adult care differently based on the medical history and clinical assessment.
Communication and language barriers were more common in older adult patients that adds
another level of difficulty on top of the radiation exposure management.
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Table 2.2: Focus group topics and emergent themes
Topic Area
Concerns about
radiation risks

Emergent Theme
Radiation exposure
concerns

Descriptive Quote
“I feel like there’s not, we haven’t really been educated, there really hasn’t been a lot of
education regarding like radiation exposure.”
“It’s the amount of exposure we have. Sometimes we just feel that maybe we’re not just as
protected. That’s like the biggest challenge/fear that we’ll have.”
“Which body fluids could possibly be harmful to be exposed to? And, just how much - you
know, what should I be going to reduce my risk of being exposed”
“I didn’t really know how much is too much.”
“Will it have any future impact on our health? We just don’t know.”

Concerns about
radiation side effects

Fertility concerns

“How will it affect me in 20 years?”
“What is this [radiation] doing to my body?” “So that’s kind of just anxiety provoking and
no one really addresses the actual physical effects that are happening while taking care of
the patient.”
“I feel like I have a headache, I don't know if I was making this up in my head or if I'm
having a symptom of too much exposure. And then the next day I had that patient, I felt like
I kind of got a headache, too.”
“I’m the one taking care of that patient all the time, but how are my ovaries?”
“I’m sure for these other females, too, on this call, our concern is always, you know, like our
ovaries and being able to bear children one day.”

Radiation emergency
concerns

Psychosocial factors
and radiation
concerns

“Again, that’s never like, oh, there’s really no real risk or that it won’t affect your ability to
conceive, but no one ever addresses it with us so we don’t know. So it’s always a concern.”
I guess I worry if there was ever an emergency with them [radiation patients] or something
like having to-not being able to like properly care for them because of like all the
precautions that we have to take and if something happened, not being able to try to
eventually run into the room because we have to like put on all of these like precautions and
use that shield. That-that also like scares me while I’m taking care of the patient. how to
manage spills and messes in room, should they happen with our patients.”
“Spills and vomiting and stool issues and - - foleys and things like that, I think that is the
biggest stressor that I have experienced with patients.”
“I feel like there's a big component of isolation depression and almost, like, that we're
neglecting them since they only enter the room two to three times a shift. So, if it's not an
infusion day. Just like assessment and then--and as opposed to, like, asking about how their
day is or where they're from. Then you cut them off and you almost feel guilty about it.”
“We kind of felt like we were also feeding into that isolation for the patient, but doing our
best to not--it was just a hard. Do you risk your own health, I guess I could say, and expose
yourself? Or do you--it almost feels like you're neglecting the patient at that point when you
can't go in as much.”
“We were used to having isolation, different kinds of isolation on our unit, so we, I think,
are also cognizant of, as the nurse, not wanting to completely isolate the patient, so there's
that conflict of wanting to provide the same level of care that we do for all our other level of
patients. And then feeling almost like a little bit of a roadblock because of the requirement
of the isolation for this type of patient. It gives you kind of like a personal conflict.”
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Radiation
isolation
infrastructure

Lack of
standardization

“I think that when we have a radiation patient on the floor it would be helpful for like maybe
to have something standardized in place.”
“I also think it would be helpful if there was some guidelines on how often we should be
taking care of these patients”.
“Practice of [nurses] rotating.”

Dosimeter badges

“I don’t know really what’s the protocol - or, I didn’t know, in terms of like when they get
their dinner delivered, like am I allowed to take anything out of the room or the
environment? Like, everything stays in the room? But there were certain instances that I
just kind be in there and I didn’t know 100% if like what I could do it in certain situations.”
“There is definitely often confusion out wearing the dosimeter.”
“Little badge that we get monthly, and we’re told to wear them all the time. But sometimes,
you know, sometimes if we find that they’re not in there and also, most recently, were given
like some, I don’t even know how to describe it, but it looks like a 1920s telephone and we
were told that we could scan ourselves if we needed to. And sometimes we get the - - badge
that beeps if we’ve been in the room for too long. So it kind of just depends. Every, every
time it’s different. Sometimes we’re told that the family can only use those things. Sometimes
we’re told that we can use it. So that’s kind of where we stand on the - - which makes us feel
kind of not safe.”

PPE

“It's just how we monitor our own exposure that's always been a little bit confusing to me.
We're supposed to wear badges, and we wear the badges, but I've never even had a badge
with my name on it yet. So that's why I'm like, can you actually tell how much I'm getting
exposed to or not exposed to?”
“I think originally we anticipated having like protection on our person in terms of like a led
sort of like covering, like, other institutions might have.”
“She did have a drain and the way the bag on the drain was. It was prone to leakage. I
think we ended up keeping the booties for the PPE on longer because of that potential.”
“Wearing one of those neck things to protect your thyroid.”

Radiation emergencies
and contamination

“I feel like more stuff about PPE, what you should be wearing.”
“How to manage spills and messes in room, should they happen with our patients.”
“I was on my shift to vomit, actually, and it was a whole big thing and I asked radiation
safety, like, could they help us because there was no one there so they sent me to urgent care
to be seen by a doctor, who had no idea at all what to even do for me. He didn’t even know
like the actual radiation and the dose.”
“I personally have been exposed with urine going on myself and there was they told me it
wasn’t necessary to get like a thyroid scan or anything but then another colleague had the
same thing happened to her and they scanned her thyroid. So I don’t know why one would
happen over the other.”

Staff buy-in

“Spills and vomiting and stool issues and - - foleys and things like that, I think that is the
biggest stressor that I have experienced with patients.”
“What's the long-term success of this? What is considered success? Yeah, that helps create
buy-in with the staff also, that they feel like all the effort that's being put into from all these
different collaborations between radiation safety and nursing.”
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“I think it would be interesting, just from my point of view, is to hear how the patients do
after they receive the - - the IOMAB protocol, just because I wonder how is that person
doing that was radioactive. I think it would be interesting to hear follow-up stats.”

Radiation isolation
and COVID-19

“I think all of us are aware of the first patient, because we feel very invested in him, but the
subsequent ones, it's always--the staff really does like to find out, especially in something
that we perceived to be kind of experimental and very infrequent, like how did the patient
even do?”
“I just was agreeing with the standardization of the care [COVID-19], the protection, and
the reporting of symptoms, it’s all very standardized and so it feels, you feel protected,
whereas, this [radiation isolation] you don’t.
“Continuous pulse ox [oxygen], which I don’t really know if it’s really relevant for
radiation patients but these are just some of the things suited for COVID but I think really
helped us take care of the patients more confidently and it made us feel like there is a lot of
things that we can do and communicate with the patient without actually having to go into
the room.”

Radiation safety
training

Sufficient training

Insufficient training

“We also right away had access to device integration to be able to do the frequency of vital
signs without having the nurse be in the room as frequently. We were able to do device
integration and have the vital signs”
“So in general, or any kind of patient on radiation, the principles of time, distance, and
shielding. So depending on the source is the extent of protective equipment.”
“The idea was to try to have as minimal contact as possible. So to just cluster care and try
to get as much done with as little exposure as possible.”
“There really hasn’t been a lot of education regarding like radiation exposure.”
‘I feel like more stuff about PPE, what you should be wearing.”
“I don't even think I've educated them about it, about radiation badges.”
“Again, that’s never like, oh, there’s really no real risk or that it won’t affect your ability to
conceive, but no one ever addresses it with us so we don’t know. So it’s always a concern.”
“Will it have any future impact on our health? We just don’t know. That’s a fear for sure.”
“Have there been long-term studies on healthcare worker--obviously you guys are doing it,
but the exposure and other side effects for workers and things like that, like if that's actually
out there or published or things like that?”

Patient/family
education and
communication about
radiation

“I think it would be very helpful for like reviewing with staff like what to do and - - so go
over the radiation spill kit. I feel it would be, like, emergencies happen and like no one
knows what to do or like if the urine leaks on a patient’s skin and it’s burning the patient,
what do we do?”
“What kind of education is given to the patient prior to coming in. So, that it isn't, like, a
big surprise, like, the way that we function with them when they are radioactive. I think that
would kind of help a little bit more because they do hear about it. You're not spending as
much time as you typically do in terms of, you know, being close to them and with your
assessments and you're going in and out to take care of things. Just knowing what they're
told prior, I think, would be helpful.”
“The toughest part of it is the patient education because we do have the shield, but half the
time, like, the patient doesn’t realize that it's a shield that is protecting us. So, they are
coming around for us to do an assessment.”
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“I do think it's important that the patient also has a lot of education prior to coming in, just
with making sure that the nurse is limiting the amount of time in there, but we have had
patients who do require almost more emotional support than others.”
“I felt a little unsure, where patients were asking me questions about things. Like, I had a
patient she was asking about driving home with her daughter, how far she had to be away,
things like that. I wasn’t really sure.”
Misconceptions
resulting from
inconsistencies

Radiation
misconceptions

“I feel like more stuff about PPE, what you should be wearing?”
“I think originally we anticipated having like protection on our person in terms of like a led
sort of like covering, like, other institutions might have.”
“I’ll not be able to have children. It crosses my mind”
“I don't know, like a lead fanny pack you can wear to protect your reproductive tract.
Things like that where there's additional--maybe even optional, but PPE that could be
available when appropriate for staff caring for patients.”
“Wearing the badge, I thought was helpful. Because it’s like you can’t go over - it made
you feel a little bit more protected.”

Inconsistent
information

“Like this amount of exposure equals to standing in front of a microwave and things like
that.”
“There is definitely often confusion out wearing the dosimeter”
“Inconsistency in what rooms and where these [radiation] patients are assigned.”

Differences in
perceptions
between day
and night shift
nurses

Difference between
day and night shift
nurses

“Typically, we put them in one room and, basically, we have radiation precautions.
Sometimes we feel like it’s been a little inconsistent because usually you were told they
could only be in one particular room on the floor - - they said about we could take another
radiation patient in a different room.”
“daytime/nighttime gap. For days we obviously have more - day nurse, too, more
resources. We can just call up the radiation folks during the day if we have a question about
the environment and such-and-such spill. But at night the resources are a little bit more
scarce. You can't just call up and say, hey, I spilled this and did this, and I need this. Can
you come? It's a little bit different, but we feel more secure during the day with those
things.”
“I was taught when I was on night shift the day nurse showed me how to change the Foley
but that was how - - and she kind of just went through it really quickly during report but we
never really got a formal this is how to take care of that patient. Not in orientation, not in
the residency program, nothing really like the spills.”
“I think it would be good if somebody did that at night because I remember that I had
received the-the education but a lot of my coworkers at night never did.”

Differences
between adult
and pediatric
nursing staff

Care of pediatric
patients

“It hasn’t happened often, but I’ve had like a patient ask me a question and I’ve had to say,
so sorry I don’t know the answer but I will find that out for you and let you know like in the
morning. So, that’s what-what we’ve had to do.”
“I was just thinking about the parents, because we do--they usually have a parent outside,
as well, so there's a concern for them, as well.”
“Pediatric dosing and the normal vital signs, where things are much different with adults.”
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“I don't know how much of an exposure risk that is for us and the child--well, the child's
already radioactive, but the parent - - that seemed to be a consistent challenge that we
encounter that makes managing the radiation a little more difficult.”
“Didn't really understand that we couldn't spend the amount of time that we normally would
have on other inpatient stays.”
“Can't really rely on kids to do what they're supposed to do, so you tend to maybe have to
spend more time in there, worry about extra exposure because of the needs of the age
group.”
“Behavioral issues with children. They're just having a hard time being isolated in
radiation rooms, limited in what they can do.”
“I remember one time I was communicating with the parents and the child got mad. But it’s
like I mean the child was very young and I really didn’t know and it was like his Mom was
dictating care so I spoke to mom and the child was getting mad that we were talking about
her without, like, talking to her. But these are things where it is like I’m not used to taking
care of the patient and parents. It’s different and there is a psychosocial component.”

Care of adult patients

“I feel sometimes uncomfortable taking care of, like, a three-year-old patient and like just
communicating with them and getting them to take their pills.”
“She had cognitive, you know, short term memory loss. So, there were other issues on top
of the radiation.”
“I also had a patient the day of infusion who didn't speak any English, so that added like a
whole 'nother kind of challenge, because we tried the interpreter - - but that's wasn't always
easy to communicate or pick up on what each other was saying.”
“We have had some patients that were more challenging to work with and more challenging
to spend less time in the room.”

Discussion
This study provided an opportunity to understand the concerns that oncology nurses have
while caring for patients in radiation isolation. Most studies have been patient-centered, while
this study focused solely on nurses. The study also explored variances among day or night nurses
as well as nurses who cared for pediatric versus adult patients. There were 21 participants in 6
focus group sessions, 12 who cared for adult patients and 9 who cared for pediatric patients.
About half worked during the day, and the other half worked the night shift. The emergent
themes that were identified in the focus group sessions (a) concerns about radiation risks existed,
(b) inconsistencies in radiation isolation infrastructure, (c) deficiencies in radiation safety
training, (d) misconceptions resulting from inconsistencies, (e) differences in perceptions
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between day and night shift nurses, and (f) differences between adult and pediatric nursing staff
that contributes to different nursing challenges and radiation concerns.
Consistent with the findings from Sedhom and Yanni, nurses identified concerns about
radiation from the lack of information around radiation exposure, side effects, fertility,
emergency situations, and psychosocial factors.81 Participants needed more information about
how to quantify radiation exposure and the potential side effects, both short-term and long-term.
There was no information or discussion that addressed fertility risks, leaving nurses feeling
unsure and concerned. Psychosocial factors were influenced by personal radiation concerns and
the conflict of professional commitment. The results of a similar study conducted by Oldman did
not find that nurses were concerned with the risk of infection, but they did feel guilty for not
being able to adequately spend time with patients in isolation because of regular duties.96
Concerns about radiation stemmed from a lack of information that can be remedied with
evidence-based information to alleviate fears and misconceptions.
The operational infrastructure of radiation isolation ensures that safety measures are in
place to protect staff from the harmful effects of ionizing radiation exposure and contamination.
However, participants identified that the radiation isolation infrastructure was inconsistent and
lacked standardization which did not provide enough tools for nurses to adequately support and
care for patients. The lack of standardization around patients in radiation isolation created an
inconsistent infrastructure, both for nurses and patients. One participant commented that “patient,
like, got offended and kind of was upset that the nurse was, like, not fulfilling, I guess, the nurse
duties that we would typically do on any other case or situation.” Participants wanted to have
guidelines on how to take care of patients requiring radiation isolation from the frequency of
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entering the patient room, rotation of nurses, and their specific roles so the nurses and patients
understand their specific duties and management of care.
There was no guidance on when electronic dosimeters are provided, when they were
needed, and what limits were set. The radiation monitoring badges changed as well as the
information, leaving nurses without any policy to reference. The inconsistent use of the
electronic dosimeters left nurses confused and not feeling safe. Nurses wanted additional PPE to
feel safe, but it was clear that more education around PPE and an explanation of what should be
worn while caring for patients requiring radiation isolation was needed. With formal emergency
guidelines, this would be helpful for nurses to be prepared to respond and use as reference,
especially with hand-offs. Engel et al. conducted qualitative research on healthcare providers in
different settings (hospitals, labs, clinics, homes, and in the public and private sectors) to identify
potential barriers that would impact patient outcomes, and infrastructure was an overarching
theme.109 Infrastructure was greatly highlighted in all healthcare sectors in terms of resources,
training, material, and practices involved in the tests.109 Nurses want to be engaged in the
process, understand the rationale behind the treatment, and receive feedback associated with the
progress of the treatment to know that they are supporting part of the greater mission in patient
care. COVID-19 brought about different platforms for nurses to communicate, interact with, and
care for patients that could be translated to patients in radiation isolation.
Nurses are provided training at orientation and annually, but they may not recognize the
importance of the radiation safety information until an unexpected exposure situation arises.14
Misconceptions and fears about radiation can be reduced through education which is what was
highlighted in this study. Jankowski identified that nurses’ anxiety would be averted if they
could differentiate real situational hazards from perceived ones.14 The topics of radiation
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exposure, PPE, radiation badges, fertility, emergency situations and short-term and long-term
side effects were areas that nurses wanted to be addressed in training to alleviate fears and
misconceptions. Jacobs-Wingo et al. found that nurses did not feel trained to effectively respond
to chemical, biological, and radiological emergency situations.54 This was echoed among nurses
in the study, as they expressed that they needed more training and education to prepare them to
confidently respond to emergency situations. There were radiation safety inconsistencies and
confusion around radiation exposure, dosimeter badges and radiation isolation rooms that were
not explained to nurses that created confusion, suspicion in the facts and concerns. Nurses
expressed that they wanted to be equipped with the knowledge to address radiation safety
questions to patient/family members and ancillary personnel, but this would require regular
educational support providing a better understanding of hazards.
The data demonstrated the unmet needs, such as the radiation training gaps between day
and night nurses. Night nurses generally had limited radiation safety in-services and little access
to resources and support. Formal radiation safety training and in-services were provided but
primarily for day nurses due to staff availability. The radiation safety information that the night
nurses received was from the day nurse but was often a very quick briefing that was not
comprehensive. The focus group session identified clear differences in radiation safety resources,
education, and support between nurses who work during the day and night.
The study was unique in looking at variance within the groups of nurses who cared for
adult versus pediatric patients and between day and night nurses. The scope of practice among
oncology nurses is similar, but there are differences between adult and pediatric populations. The
patient’s age is a factor in care due to different cognitive, emotional, physical, and clinical
abilities.110 Nurses approach care differently based on medical history, clinical assessments, and
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management of bodily fluids.110 They also often need to account for and manage family
involvement in adult and pediatric care.110 The population the nurses cared for gave them a
different perspective and different concerns in the focus group sessions.
Limitations
This study presented limitations. The participants were nurses from the same institution,
and cultural norms at the institution may impact the generalization of the results. Nursing
recruitment for the study was challenging because of the COVID-19 pandemic, and coverage
was needed for these front-line workers; some focus groups had fewer than four participants,
which may have limited the total range of experience and insights.103 The number of pediatric
night nurses may not have been well represented as compared to pediatric day nurses and adult
day and night nurses. However, some nurses covered both day and night shifts, but this
information was not adequately captured. Another challenge that the pandemic presented was the
ability to gather and have in-person focus group sessions. All the focus group sessions were
conducted through a virtual platform, which could have limited interaction and non-verbal cues
that would have otherwise been acquired from in-person sessions.
Conclusion for Chapter 2: Nursing Perspective on Radiation Isolation
This study revealed the unmet needs and training gaps that nurses associated with
ionizing radiation, how they understand the risks, and how they respond to their own perceptions
of risk. Negative perceptions were associated with patients in radiation isolation that impacted
practice and the willingness to provide patient care. The risk associated with ionizing radiation
were unknowns surrounding radiation exposure, transmission, fertility risks, and potential shortterm and long-term side effects. The lack of information was a primary barrier that led to fears
and misconceptions associated with radiation. General radiation training does not address
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fertility risks or radiation side effects, leaving nurses feeling unsure and concerned. The
identification of these missing knowledge gaps provides focus areas to address and capture in
training. Sub-groups (day and night nurses, pediatric and adult nurses) among the cohort present
a wide range of challenges that should be understood to provide support and fully address
specific concerns to care for patients in radiation isolation and prepare nurses to handle
emergencies. Apart from the importance of education and training, nurses wanted the operational
infrastructure of radiation isolation patients to be standardized to create a consistent
infrastructure for both nurses and patients. Radiation isolation was compared to COVID-19, and
there were many perceived barriers and associated fears. However, nurses expressed that they
began to feel reassured caring for COVID-19 patients when they received more education and
information, guidance on care, PPE, and virtual platforms of communication. Conducting the
focus groups during COVID-19 was an obstacle but provided fruitful insights on how radiation
stigma can be overcome.
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CHAPTER 3: NURSING RADIATION KNOWLEDGE AND ATTITUDES
Introduction
Nurses who lack radiation protection knowledge may develop a fear of radiation
exposure that could compromise patient care. Dauer et al. noted that misconceptions about
radiation protection due to lack of knowledge could result in fears that could compromise patient
care.53 These fears could decrease a nurse’s ability to perform their job properly, interfere with
nursing decisions, and cause reluctance in responding to emergencies. The specialized field of
oncology utilizes radiation, both as a tool for diagnosis and as a therapeutic treatment of cancer
since the late 19th century. Despite its continued use, misconceptions persist.81,111,112 Oncology
nurses play a vital role in coordinating treatment and managing patient care before and after
radiation. To fulfill their role effectively, they need to be knowledgeable about radiation
protection and aware of their attitudes in relation to radiation. If education can increase radiation
knowledge, then it can also decrease fear and uncertainties.
Radiation Safety Knowledge in Healthcare
Previous literature revealed a general lack of radiation protection knowledge among
nurses. In a study by Anim-Sampong et al., the authors evaluated nurses’ knowledge of mobile
diagnostic X-rays.113 Among 43 registered radiology nurses and clinical students, 60.5% had no
knowledge about ALARA being the pillar of radiation protection by reducing radiation exposure
through three basic protective measures: time, distance, and shielding.113 In another study by
Alotaibi et al., the authors found that 88% of radiology nurses were unaware of ALARA
radiation principles.114 Shafiee et al. studied the knowledge and practice of radiation protection
in interventional radiology among medical professionals.115 The authors found that the correct
answer rates of radiation protection knowledge and practice were significantly lower among
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nurses than physicians (p = 0.007 and p = 0.001, respectively).115 Shafiee et al. also determined
that nurses who had medical radiation education had significantly higher radiation protection
knowledge than nurses who did not have that education (OR = 0.21, 95% CI = 0.10-0.44, p <
0.01).115 In a study by Alavi et al., comprised of health care workers occupationally exposed to
radiation from 16 hospitals with 413 participants, 78.9% scored poorly (below 45%) on the
radiation protection knowledge assessment.116
Radiation protection knowledge was evaluated by Yurt et al. among healthcare personnel
(physicians, nurses, technicians, and other staff working in different clinics) who work with
ionizing radiation.117 Among 92 participants, only 7.6% knew about background radiation
doses.117 Zekioglu et al. surveyed health professionals in the state, university, and private sector
who worked in an environment with radiation (cardiology, radiology, nuclear medicine, and
radiation oncology) and found that nurses had the lowest level of radiation knowledge compared
to other healthcare professionals.118 Another study that assessed cardiac interventional radiology
nurses also found a lack of radiation safety knowledge and an increased level of concerns
surrounding radiation.119 Even at a large cancer hospital, inpatient oncology nurses had a mean
pre-test score of 58.9% on radiation safety multiple-choice questions and had negative attitudes
associated with radiation protection and exposure.53 Nursing radiation education, training, and
experience were themes commonly evaluated in the literature, but there were no studies to see if
the level of radiation knowledge differs between the day and night shift. Campbell et al. stated
that night nurses lack access to formalized in-service training offered to day nurses and there is a
need to further investigate what knowledge must be integrated.120
The fear of occupational radiation exposure was identified among 40% of nurses in
polyclinic hospitals.112 More than half of occupationally exposed healthcare providers in 16
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Iranian hospitals believed that their job was more dangerous compared to other medical fields.116
In a cross-sectional study of 184 nurses working at eight different hospitals, 87% were anxious
over the risk of radiation exposure.121 The study found a relationship between the lack of
radiation knowledge and increased fear of radiation exposure among nurses.121
These studies found that general radiation safety knowledge among nurses is poor. This
study evaluated the radiation knowledge of nurses who work in the same field to determine if
radiation protection knowledge varied between day and night shift nurses or by years of
experience and whether there was an association between radiation protection knowledge and
having cared for a patient in radiation isolation.
Objectives
The main objective of the study was to understand participants’ level of radiation safety
knowledge and identify specific areas of education that would increase nursing knowledge. This
study consisted of inpatient oncology nurses. The specific research objectives were as follows:
1. Characterize nurses’ level of radiation protection knowledge in large cancer treatment
hospital in the US.
2. Determine the level of radiation safety knowledge and attitudes according to their general
and occupational characteristics (Day or night nurses, years of experience, or nurses who
cared for radiation patients).
3. Evaluate the attitudes and perceptions towards radiation protection and training.
Method
Radiation safety knowledge and attitudes were assessed by administering a validated
research instrument (Appendix B: Radiation safety instrument).53 The online survey instrument
measured (a) occupational nursing characteristics, (b) cognitive radiation protection knowledge,
and (c) attitudes regarding institutional radiation policies, precautions, and exposure.53 The
research instrument had 27 questions with 3 occupational nursing questions (nursing shift, cared
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for radiation patient, and years of experience), 15 multiple-choice questions (4 available options
for each question) to test radiation knowledge, and 9 Likert-scale questions (strongly disagree,
disagree, neutral, agree, strongly agree) to evaluate attitudes towards radiation protection and
training.53 The research instrument was validated and tested at Memorial Sloan Kettering Cancer
Center by nursing and radiation experts for both scope and clarity among registered nurses.53
Permission was granted from the researcher to use the questionnaire for this research project
which was built and used in Research Electronic Data Capture (REDCap, Vanderbilt University,
Nashville, TN ). The research instrument was automatically distributed by email to inpatient
nurses through REDCap, with bi-weekly reminders, and open for six months. The time needed to
complete the online survey was approximately 10 to 15 minutes, and it did not need to be
completed in one sitting as a sign of respect for participants’ time and being mindful of staffing
needs during working hours. There was a unique link on the backend in REDCap for each
participant to help ensure that they completed the survey only once. The database in REDCap
was anonymized and not linked to the participant. The survey data were compiled, stored, and
managed securely in REDCap until the survey completion deadline.
Participants and settings
Inpatient oncology nurses (N = 1116) working at Memorial Sloan Kettering Cancer
Center in New York City were invited by email to participate in the study. Nurse leaders
provided the nursing distribution list. Invitations for the questionnaire were sent to inpatient
oncology nurses from the beginning of Autumn 2019 until the end of Summer 2020. The
response rate was 32.26% (n = 360). However, out of the 360 participants, there were no
responses for 2 records, and 126 responses were removed because the data were missing more
than 80% of the cognitive and/or Likert-scale questions. The final sample used for the data
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analysis consisted of 232 participants, yielding a 20.79% response rate. Figure 3.1 is a flowchart
of the participants included in the cohort and excluded in the final study analysis.
Figure 3.1: Flow chart of participants in the questionnaire

Figure 3.1 This flow diagram reports the number of inpatient nurses who were invited to
participate in the online questionnaire, the number who signed up, the records that were excluded
and the total number included in the analysis.
Table 3.1 shows the occupational characteristics of the nursing sample. The sample
consisted primarily of nurses who worked during the day shift (67.2%). The participants who
worked the night shift represented 32.8% of the total sample. More than half (53.4%) of
participants had 0-5 years of nursing experience with a higher margin of difference compared to
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those with 5 years of nursing experience and more. From the 232 participants, 72.8% cared for
radiation patients, which was about 18% of the total inpatient oncology nurses.
Table 3.1: Characteristics of nurses responding to the radiation safety instrument
Characteristic
Total
Nursing shift
Cared for
radiation patient
Years of nursing
experience

All shifts
Day Shift
Night Shift
Yes
No
0-5 years
5-10 years
11-15 years
16-20 years
21-25 years
26-30 years
31+ years

N

Percent

232
156
76
169
63
124
38
25
17
12
6
10

100
67.2
32.8
72.8
27.2
53.4
16.4
10.8
7.3
5.2
2.6
4.3

Data Analysis
The data were analyzed using SPSS version 25.0 (IBM Corporation, Armonk, NY). If
data were missing for more than 80% of the cognitive or Likert-scale questions, the participant’s
response was removed before analysis. In the 15 multiple choice questions, there were 4 answers
to choose from and only 1 correct answer for which dummy variables were created. For incorrect
multiple-choice answers, the value 0 was assigned and 1 was assigned for the correct answer.
The five-point Likert scale was assigned for the questions measuring nursing attitudes regarding
radiation policies, precautions, and exposure. The point value assigned for each psychometric
response was: (1) Strongly disagree; (2) Disagree; (3) Neutral; (4) Agree; and (5) Strongly agree.
The statistics collected were the mean, standard deviation, frequency, and percent distribution
from the cognitive test and the 5-point Likert-scale questions to provide a summary of nurses’
knowledge and attitudes towards the radiation safety program. A normality test was used to
determine if the overall cognitive radiation protection knowledge and Likert-scale questions
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were normally distributed. Based on the Kolmogorov-Smirnov and Shapiro-Wilk test, the data
were not normally distributed; therefore, non-parametric statistics were used to analyze the
dataset.122 Mann-Whitney U-test was used to analyze whether nursing shift or caring for a
radiation patient were related to a nurse’s radiation knowledge and attitudes. Spearman’s
correlation was used to determine associations between years of nursing experience, radiation
knowledge, and attitudes towards the radiation safety program.
Results
Descriptive Analysis
Answers to the 15 multiple-choice questions were assessed for the frequency of correct
answers and percentage, as shown in Figure 3.2. The conceptual domains in 3 out of the 15
specific areas were shown to be high (over 80%), which included radiation monitoring badge,
radioiodine, and handling of bodily fluid and radioiodine contamination. The mean score of
correct answers was 8.69 ± 2.10 (range 3-13). The overall indicator of nursing radiation
knowledge showed that 77.6% (n = 180) of nurses had average-level knowledge, 14.7% (n = 34)
had poor knowledge, and 7.8% (n = 18) had good radiation safety knowledge.
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Figure 3.2: Frequency of correct radiation protection knowledge
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Figure 3.2 This figure depicts the frequency and total percentage of correct answers for each multiplechoice question

Figure 3.3 displays the frequency and percent distribution of nursing attitudes towards the
radiation safety program. The attitude evaluation demonstrated neutral and agree for the majority
of the questions except for nurses’ attitude toward clearly explaining the radiation precautions to
patients and their visitors (mean 2.98 ± 0.92), as 39.7% disagreed with the item. Table 3.2
describes the mean score and standard deviation of each 5-point Likert scale question with an
overall mean score of 3.33 ± 0.65 (strongly disagree=1, disagree=2, neutral=3, agree=4, strongly
agree=5).
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0

Figure 3.3: Attitudes towards radiation safety program

Figure 3.3 displays the frequency and percent distribution for each 5-point Likert scale question

Table 3.2: 5-point Likert scale mean and standard deviation
Question
1
2
3
4
5
6
7
8
9

Mean
3.45
3.50
3.11
2.98
3.14
3.75
3.33
3.43
3.21

Standard deviation
0.85
1.01
0.97
0.92
0.91
0.76
1.04
0.98
0.92
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Statistics
The radiation safety questionnaire asked about distinct nursing characteristics regarding
day or night shift and whether the respondents had cared for radiation patients. The MannWhitney U-test was used to analyze if there were differences within-group characteristics as it
relates to radiation knowledge or nursing attitudes (Table 3.3).
The investigation of radiation protection-related knowledge level from day shift nurses
and night shift nurses was not statistically significant (Z-score = -0.507, p-value = 0.612). The
nursing shift and attitudes were also not statistically significant (Z-score = -0.654 p-value =
0.513). The radiation protection knowledge of respondents who had cared for radiation patients
and those who had not were not statistically different (Z-score = -1.348, p-value = 0.178). The
attitude regarding the radiation safety program and caring for a radiation patient were statistically
different (Z-score = -2.251, p-value = 0.024).
Table 3.3: Knowledge of radiation protection and attitudes according to nursing shift and care
for radiation patient
Radiation
knowledge

Attitudes

Nursing groups
Day shift

N
156

Night shift

76

Cared for radiation patient

169

Have not cared for radiation
patient

63

Day Shift

156

Night Shift

76

Cared for radiation patient

169

Have not cared for radiation
patient

63

63

P
0.612

0.178

0.513

0.024

Spearman rank-order correlation was used to measure radiation protection knowledge and
attitudes regarding the radiation protection program associated with the years of nursing
experience. The results showed a small to moderate positive correlation, indicating that the
relationship between radiation protection-related knowledge and years of nursing experience is
statistically significant (rs = 0.244, p = <0.001). However, the spearman rank-order correlation
for the attitudes regarding the radiation protection program and the years of service had a rs =
0.089, p = 0.175, which was not statistically significant.
Discussion: Radiation Knowledge and Attitudes Around Radiation
The radiation safety questionnaire was used to determine the level of radiation safety
knowledge and pulled data from the focus group in Chapter 2 to identify missing areas of
radiation training to assuage fears and misconceptions. Of the 232 oncology nurses who
participated in this study, 77.6% had average radiation protection knowledge. An emergent
theme identified in the focus group sessions was that radiation concerns derived from a lack of
information. There were distinct gaps in training between daytime and nighttime nurses. The
nurses wanted to know more about radiation exposure and how to address emergency situations,
spills, leaks, and contamination. Nurses wanted standardization of care for patients to understand
their role and to decrease variations in care.
The study was unique in looking at variance within groups who cared for adult versus
pediatric patients and between day and night nurses. The scope of practice among oncology
nurses is similar, but there are differences between adult and pediatric populations. The patient’s
age is a factor in nursing care, with a range of different cognitive, emotional, physical and
clinical abilities.110 Nurses approach care differently based on medical history, clinical
assessments, and management of bodily fluids.110 The nurses also often need to account for and
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manage family involvement in adult and pediatric care.110 The population the nurses cared for
gave them a different perspective and different concerns in the focus group sessions.
Previous literature did not evaluate whether there were differences in knowledge of
radiation protection between day and night staff. This study used the Mann Whitney test (Zscore = -0.507, p-value= 0.612) and did not find any statistical difference between radiation
protection knowledge based on working the day or night shift. However, participants in five out
of the six focus group sessions identified differences in training, resources, and support between
those who work during the day and those who work at night. Support and education for night
nurses were common themes in the focus groups. Night nurses in the focus groups did not feel
like they could explain radiation precautions to patients and their visitors. Day nurses could
reach out to radiation safety for support and get questions answered, but night nurses did not feel
like they had the same support. In-service training sessions were provided for day nurses, while
night nurses received a quick hand-off from the day nurses. The focus group sessions
corroborated Ayed et al.’s research that night nurses lack access to the formalized in-services
offered to day nurses.123
Professional nursing qualification was evaluated regarding radiation knowledge in other
studies but did not investigate the association between years of nursing experience and radiation
knowledge. In the study by Alotaibi et al., the nurses who were aware of ALARA principles had
less than 5 years of experience in radiology.114 The authors collected demographics on the years
of experience in nursing and years in radiology but did not use the information to look at any
associations to radiation awareness questions.114 For this study, years of working experience
were evaluated rather than a professional nursing degree, and the data revealed a positive and
statistically significant correlation between radiation protection knowledge and years of nursing
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experience that was (rs = 0.244, p = 0.000). In the focus group session, the nurses with 21+more
years of experience had seen many kinds of radiation treatments and drew on their experiences.
“We've been here the longest, so we've seen all different kinds of radiation isolation.” This study
did not evaluate nursing education level but found correlations between years of experience and
radiation knowledge, both in the questionnaire and focus group sessions.
The radiation questionnaire identified that nurses did not feel like they could clearly
explain radiation precautions to patients and visitors. The same theme was emphasized in the
focus group sessions. Nurses mentioned that more specific training about the treatment would
give them a better understanding of how to respond to patients and visitors. They wanted to
know what information is explained to patients and better identify their specific roles when
caring for patients in radiation isolation. When nurses are not involved in the patient’s treatment,
they cannot understand how to safely handle the radiation or provide appropriate education to
patients and their visitors. Standardization of patient care was mentioned to decrease variation in
care.
The findings corroborated existing research on radiation safety misconceptions and fears.
One focus group participant with more than 30 years of experience identified that radiation
concern and anxiety are related to a lack of information. Alotailbi et al. found that 86% of the
radiology nurses in their study thought the monitoring badge protected against radiation
exposure.114 In one focus group session, a participant expressed feeling safe by wearing the
badge, which is a false misconception. Infertility concerns were brought up in the focus groups,
and nurses wanted information to understand if there were risks to their ability to conceive. In
all, 83% expressed fear of cancer and infertility.114 In a study by Ohno et al., 40% of nurses (n =
134) at multiple hospitals expressed fear of radiation exposure.112 The nurses in this study
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echoed the same fear about not understanding radiation exposure, quantifying it, and the possible
health effects. The lack of knowledge can lead to radiophobia that can comprise patient care.124
This study identified that concerns about exposure, fertility, health effects, and how to handle
emergencies can be greatly reduced through education and care standardization.
Limitations of the study
This study did present limitations. From the original 360 inpatient nurses who signed up
to participate in the questionnaire, 128 (35.56%) were incomplete and excluded from the final
analysis. There were 119 participants that did not complete the cognitive questions and 126
participants that did complete the Likert-scale questions. The respondents may have been
uncomfortable with the questions, which would have introduced response bias. The results may
exhibit selection bias due to a higher number of participants who felt comfortable about their
knowledge, which could skew the results. Due to convenience sampling, the results were limited
to participants at one institution and may not be generalizable to other nurses.
Conclusion: Radiation Knowledge and Attitudes Around Radiation
The study’s results identified knowledge gaps to address common fears and
misconceptions regarding radiation. Nurses wanted to understand radiation exposure and to
understand how they can quantify it. They wanted to know if their ovaries, ability to conceive, or
fertility would be a concern. They wanted to know about the short-term and long-term health
effects. To properly care for the patient, they needed to understand more about the radiation
treatment to educate patients and family members. They wanted to be prepared for emergency
situations with leaks, spills, vomit, and contact with bodily fluids. Participants most emphasized
standardizing care to improve patient safety, decrease variation in care, and better understand
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their role. The next step would be to refine, implement, and evaluate a radiation safety
curriculum to address their concerns.
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CHAPTER 4: ROLLING SHIELD EVALUATIONS IN RADIATION ISOLATION ROOMS
Introduction
Shielding is a fundamental radiation protection principle, and the precautions for I-131
MIBG treatments consider the patient’s welfare, the caretaker, and occupational exposure. There
are approximately 18 US hospitals approved to administer and treat I-131 MIBG therapy, where
patients stay in lead-lined rooms, separated from family, monitored by video, and communicate
through an intercom.125-131 In contrast to the strict radiation isolation rooms, MSKCC is the only
hospital in the US known to administer I-131 MIBG therapy in standard private hospital rooms
that utilize rolling shields.38 The use of rolling lead shields has allowed for the safe
administration of high doses of I-131 MIBG therapies to treat pediatric patients with
neuroblastoma.38 The primary radiation emissions from I-131 are beta and gamma emissions,
which pose external and internal radiation hazards that can penetrate through the skin, deep
organs, and tissue, which can cause mutation or cell death. Without dedicated lead-lined rooms,
the distribution of radiation exposure from the layout of the room and the placement of shields
are important factors to consider in reducing radiation emissions to employees and the public.
Patients with neuroblastoma treated with I-131 MIBG are admitted in-house and placed
in radiation isolation, where caretakers and nursing staff provide the necessary care. The activity
administered for MIBG therapies is based on the child’s weight and is 18 mCi per kg with an
exposure rate of 27 Roentgen/hour (R/hr) or 27 Roentgen Equivalent Man/hour (REM/hr) from
an unshielded source of I-131 at a distance of 1 meter (100 cm) away.132 The average age of
children diagnosed with neuroblastoma is between 5 and 10 years. Older and/or larger children
receive a higher activity that correspond to higher radiation exposure among health care workers.
At this activity, the annual occupational exposure limit of 5 Rem could be exceeded if no
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protection precautions are in place. Therefore, shields are required to reduce occupational
exposure. The regulatory limit for caretakers is 0.5 rem annually, while the occupational limit is
5 rem annually, which is 10 times higher. If the rolling shields can keep caretakers’ radiation
levels below 0.5 rem, they will help ensure occupational exposure levels remain below 5 rem.
Opaque rolling lead shields are currently used, but they have constraints. They are heavy
and do not provide a line of sight to the patient. More recently, a transparent, lightweight liquid
shield was developed as an alternative to conventional lead shields. The rolling lead shield
weighs 1,250 pounds, while the clear shield weighs 425 pounds.133 Custom fabrication of
transparent rolling shields with ammonium metatungstate hydrate (Clearview Radiation Shield)
was commissioned MSKCC and has been used at this hospital for radiation isolation rooms since
September 2018. The thickness of shielding material to reduce the intensity of radiation by half
the original intensity is the half-value layer (HVL). With the energy from I-131, the HVL of lead
is 0.1 inches and 0.3 inches for the clear shield.133 The attenuation of the clear shield was tested
to show that with a thickness of 2.5 inches, the shield would attenuate Iodine-131 by 81.82%,
while the lead shield attenuation with a thickness of 0.5 inches is 91.52%.133 The lead and clear
rolling shields were used in standard private hospital rooms for the treatment of I-131 MIBG.
Experimental point source calculations found that the lead shield’s attenuation is more effective
than that of the clear shield by 9.7%. However, no previous studies have factored in shield
placement in non-lined rooms or compared the reduction in radiation exposure between opaque
and clear rolling shields used in real situations.
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Objectives
The study's main objective was to understand radiation exposure from lead and clear
rolling shields used for pediatric patients who receive therapeutic administration of I-131 MIBG.
The specific research objectives were as follows:
1. Monte Carlo simulations will evaluate the distribution of radiation in the rooms
with lead and clear rolling shields.
2. Analyze the attenuation differences between lead and clear rolling shields.
3. Estimate occupational exposure from caretaker exposure data when the lead and
clear rolling shields were used.
The Monte Carlo simulations were used to determine if the shields were used properly in the
rooms, and the caretakers’ exposure data helped compare the different shields’ attenuation.
Methods
Participants and Setting
No recruitment for the exposure data collection was needed, as the population sample
was obtained by default from pediatric patients in radiation isolation. Personal dose equivalent,
Hp(d), was the operational quantity for individual monitoring at an appropriate depth of a
specified point on the human body. Caretakers’ Hp(d) data were collected from 2017 to 2019. To
compare the reduction in exposure provided by the two shields, roughly equal time periods were
assessed, totaling 14 months from July 2017 to August 2018. There were 22 caretaker
measurements collected when the opaque shields were used and 33 caretaker measurements
collected when the clear shields were used. Only one caretaker was allowed to be in the room per
patient. In the event of multiple caretakers, they were provided separate electronic dosimeters.
Radiation exposure data were compulsory and necessary to ensure that levels remained below
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the annual regulatory limit. The date and exposure information were recorded and documented
when the electronic dosimeter was returned. The personal dosimeters provided cumulative
external irradiation exposure readings.
Caregivers were instructed to stay behind lines that were appropriately 3 feet to 6 feet
away when they were in the room with the patient. When multiple measurements were collected
per patient, the exposure readings were averaged for the length of time the caregivers were in the
room. The different caregivers’ personal direct reading measurements provided variations in how
the shields were utilized in the room and could also account for the way nursing staff would use
the shields.
Room Characteristics
The area of the room was an important safety measure to decrease radiation exposure by
increasing the distance between the patient and caregiver. Some rooms were smaller and only
allowed for a 3-foot distance, but ideally, we wanted rooms that provided at least 6 feet of
distance between the patient and caretaker with enough space for the rolling shields. Two lead
and clear rolling shields were used to cover the entire length of the patient. The shields were
flushed together but did not overlap. The set-up varied for each room with the placement of the
patient’s bed, the position of the caretaker, and the patient-contributed dose rates inside the
restricted radiation isolation area and outside to unrestricted areas. Consideration of areas as
restricted took into account the proximity of the room and radiation dose rates to adjacent rooms,
hallway, stairwells, and rooms below and above. For the purposes of this research, the exposure
data only accounted for information inside the room and did not access exposure in unrestricted
areas.
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Without dedicated lead-lined rooms, Monte Carlo simulations served to evaluate the
rooms’ radiation distribution by looking at the distance between patients and the shields, distance
between shields and the caretaker, and the attenuation of the different rolling shields based on the
material. The set-up and description of the rooms used in the study are in Figure 4.1 and Table
4.1.
Figure 4.1: Room set-up

a)

c)
b)
Figure 4.1(a)(b)(c) depicts different room configurations and the set-up of the rolling shields in relation to
the patient and caregiver.

Table 4.1: Location, description of room and set-up
Room
Number

Surface area of
room (m3)

501
901
910
915
924

19.5
25.2
29.7
20.5
20.6

Use of lead
shields in the
room
8
3
2
0
3
74

Use of Clear
shields in the
room
8
0
0
1
0

Distance of
shields to
caregivers (m)
2.13
2.74
3.05
2.44
2.44

Room setup
b
b
a
a
a

929
13.9
930
14.0
932
25.3
933
20.4
935
20.5
937
15.8
Monte Carlo simulations

0
1
2
0
0
1

1
2
0
3
2
2

1.52
1.52
2.74
1.83
1.83
1.52

c
a
c
b
b
b

Monte Carlo N-Particle (MCNP) version 6.1.1 (Triad National Security, Los Alamos
National Laboratory, New Mexico) was used to model 3 simulations that evaluated the
attenuation of the rolling shields, providing decay of a single dose per source particle (Air
Kerma, which gives the kinetic energy released per unit mass) in units of megaelectronvolt
(MeV) per gram tissue (MeV/g). Four discrete photon energies of I-131 (0.284 MeV 6.14%,
0.364 MeV 81.7%, 0.637 MeV 7.17% and 0.723 MeV 1.77%), equally distributed in the entire
volume of the patient position in the room.134 Three exposure scenarios were investigated to
compare shielding reduction from the patient to the caretaker at varying distances (30 cm, 61 cm,
91 cm, 122 cm, 152 cm, 183 cm, 213 cm, 244 cm, 274 cm, and 305 cm) in the room: without
shields, with lead rolling shields, and with clear rolling shields. The cell cards in the room
comprised the patient, who was 125 cm tall and 25 kg (average height and weight of 8-year-old
boy/girl), the material, dimension, and density of the shields, and the caretaker’s varying
distances from the shields. The material of the rolling lead shield consisted of an aluminum
housing frame, plywood, and half an inch of lead with a density of 11.34 g/cm3. The total
dimensions of the lead shield window were 40.25” (width) x 54” (height) and 18” above the
ground with the castors. The clear rolling shield was 2.5 inches thick and filled with ammonium
metatungstate liquid, housed in 1 inch of polycarbonate, encased in an aluminum frame with a
density of 2.3 g/cm3, 1.22 g/cm3, and 2.7 g/cm3, respectively.135 The total dimensions of the clear
shield window were 36” (width) x 48” (height) and 10” above the ground with the castors.133
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The width of one shield is not long enough to cover the entire length of the patient, so
two shields are used in the room. However, the shields do not overlap, and when they are
flushed, they expose a gap. The lead rolling shields have a 4.2-inch gap, and the clear rolling
shields have a 1.4-inch gap. The inside wall material was accounted for in the coding, without
the importance of the outside wall. The MCNP transport code for the different shielding
scenarios can be found in the appendices B, C, and D. The shielding factor represents the mean
dose rate at the source to the caretaker incident rate. The shielding factor of the clear and lead
shields was calculated by comparing the energy deposition of the shields over the energy
deposition without the shields. MCNP will look at the scatter of the source particle in the room
and evaluate the shields compared to the exposure data obtained from the electronic dosimeters.
Radiation Instrumentation
Caregivers who stayed in radiation isolation rooms between two and five days wore
Eckert & Ziegler Rados Rad-60 (also known as Isotrak Dose GuardsElectronic) real-time
electronic dosimeters. The detectors were solid-state silicon-diode to measure incidences of
charged particles or photons into absorbed doses that ranged from 0.5 mrem/hr to 300,000
mrem/hr.136 The personal dosimeter can detect energy ranges between 60 keV and 3,000 keV
that can assess deep dose equivalent Hp(10) to the organs with a depth of 10 mm.136 The
accuracy of the Rados Rad-60 electronic dosimeter is plus or minus 5% using a standard
Cesium-137 source with an energy of 662 keV with a sufficient dose rate between 20 mR/hr –
100 R/hr.136 The instrument’s linearity from a reference radiation source, time, and distance can
reproduce 300 rem/hr better than plus or minus 15% and can reproduce 1 mrem/hr-100 rem/hr
better than plus or minus 10%.136 Based on the energy response curve of the dose guard, there is
a flat response for the abundant energy of I-131 (photons 364 keV, 81% abundance), meaning
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that no correction factor was needed for the absorbed dose output.136 The electronic dosimeters
are reliable and highly sensitive. They do not require an electronic connection, have good
accuracy and reproducibility, and are calibrated annually.136,137
Radiation Exposure Data
Radiation exposure data were obtained from caretakers because of the long time they
remain in the room with the patient. The occupancy factor, or index distance, is the fraction of
time an individual spends with the patient. For radioisotopes that have a half-life longer than a
day, the occupancy factor typically assumes 0.25, implying that a person is present 25% of the
time at a certain distance from the source of radiation. However, among pediatric patients in
radiation isolation, caretakers remain in the room for prolonged periods at a certain distance from
the source of radiation from 75% to 100 % of the time, and the occupancy factor of 1 can be used
as a conservative calculated exposure. Absorbed dose is dependent on the intensity; as the
activity increases, exposure will also increase. Radioactivity needs to be factored in because
more decay particles are released traveling through the air, thus increasing exposure.
Occupational estimation was normalized from exposure measurements collected by the
occupancy factor per administered activity to reduce the effects of variability.
N = X(mrem) • E • [(1 – e-0.639t/Tp)]
A0 • t(hours)
N = (mrem)
mCi (hour)
•
•
•
•
•

N (mrem hr-1 mCi-1)= Normalized exposure rate
X (mrem) =Cumulative caretaker exposure
A0 (mCi) = Activity
E = Occupancy factor that accounts for different occupancy times and distances
when an individual is around the patient and set to equal 1
Tp (hours) = Physical half-life
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The normalized average and peak exposure rates for rolling lead and clear shields were
calculated. This information was extrapolated to occupational nurses during a 12-hour work shift
caring for an average 5-year-old child (18 kg) and an average 10-year-old child (32 kg). For
children with neuroblastoma treated with I-131 MIBG, the calculated activity for an average 5year-old child was 324 mCi and 576 mCi for an average 10-year-old child.138
WE(avg) = Navg • t •A(5 year old)
WE(p) = Np • t • A(5 year old)
WE(avg) = Navg • t • A(10 year old)
WE(p) = Np • t • A(10 year old)
•
•
•
•
•
•
•

WE(avg) (mrem) = Average weighted exposure
WE(p) (mrem) = Peak weighted exposure
Navg (mrem/hr/mCi) = Normalized average exposure rate
Np (mrem/hr/mCi) = Normalized peak exposure rate
A(5 year old) (mCi) = Average activity for 5-year-old
A(10 year old) (mCi) = Average activity for 10-year-old
Tp (hours) = Time of work shift

The radiation exposure data were analyzed in SPSS. A normality test was used to
determine if the data had a normal distribution before proceeding with the statistical data
analysis. Based on the Kolmogorov-Smirnov and Shapiro-Wilk test, the data significantly
deviated from a normal distribution. The non-parametric method used to compare the medians of
the two rolling shields was the Mann-Whitney U-test. The Mann-Whitney U-test was used to
compare the normalized exposure to determine if there were differences between the rolling
shields used. Table 4.2 summarizes the statistical methods used in this research.
Table 4.2: Summary of statistical methods used in this research
Objective

Statistical method

Data

To model the distribution of
radiation from I-131 and the
reduction from lead and clear
rolling shields.

Radiation distribution modelling of the
opaque lead and clear rolling shields
with the use of Monte Carlo N-Particle
(MCNP), version 6.1.1 simulations.

A standard hospital room will be
modeled, using the photon energies of
I-131 with three exposure scenario of
the room without shields, the use of
clear shields and the use of lead
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shields at varying distances to
compare radiation reduction.
To use caretaker exposure data
to estimate occupational
exposure when the lead and
clear rolling shields were used.

Caretaker exposure data will be
normalized during the use of lead and
clear shields to estimate nursing
cumulative dose during a 12-hour work
shift caring for an average 5-year-old
child and an average 10-year-old child.

Real-time exposure data will be
collected and analyzed from electronic
dosimeters, Eckert & Ziegler Rados
Rad-60 worn by caretakers when
opaque lead and clear and rolling
shields are in use.

To analyze the attenuation
differences between lead and
clear rolling shields.

The data will be analyzed using SPSS
version 25.0 (IBM Corporation,
Armonk, NY). Non-parametric, MannWhitney U-test will be tested to
determine if there are differences
between the rolling shields used.

Data normalized from real-time
exposure medians will be used.

Results
Monte Carlo Simulations
Figures 4.2, 4.3 and 4.4 present a visual depiction of the radiation distribution in the room
created in MCNP. The highest dose per source particle is closer to the center of the source with
an energy deposition rate of 1.993E-10 MeV/g and decreases when the radius and distance from
the source increase. The radiation distribution differs when the shields are added. Energy
deposition is scattered to the sides of the shields like triangles and in the gap where the two
shields are flushed. For the clear shields, there is more energy deposition to the side of the
shields and less in the center, with the highest dose of 7.280E-11 MeV/g. The lead rolling shields
showed less energy deposition to the side of the shields and more in the center, with the highest
dose of 8.828E-11 MeV/g. Table 4.3 summarizes the energy deposition at varying distances from
the shields offset from the center of the source and away from the gap between the shields. The
average energy deposition reduction from the opaque lead shield was 95% and 91% for the clear
shields. As the distance from the shields increases, the energy deposition decreases.
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Figure 4.2: Radiation distribution without shields

Figure 4.2 MCNP modeling of the patient (source of radiation) and radiation distribution in the room
without shields and the caretaker at varying distances (30 cm, 61 cm, 91 cm, 122 cm, 152 cm, 183 cm,
213 cm, 244 cm, 274 cm, and 305 cm) in the room

Figure 4.3: Radiation distribution with clear rolling shields

Figure 4.3 MCNP modeling of the patient (source of radiation) and radiation distribution in the room with
two clear shields and the caretaker at varying distances (30 cm, 61 cm, 91 cm, 122 cm, 152 cm, 183 cm,
213 cm, 244 cm, 274 cm, and 305 cm) in the room
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Figure 4.4: Radiation distribution with lead rolling shields

Figure 4.4 MCNP modeling of the patient (source of radiation) and radiation distribution in the room with
two lead shields and the caretaker at varying distances (30 cm, 61 cm, 91 cm, 122 cm, 152 cm, 183 cm,
213 cm, 244 cm, 274 cm, and 305 cm) in the room

Table 4.3: MCNP energy deposition with no shield, lead shields, and clear shields at varying
distances to evaluate shielding factor and reduction

Distance
from shield
1ft away
2ft away
3ft away
4ft away
5ft away
6ft away
7ft away
8ft away
9ft away
10ft away

No Shield
Energy
Energy
Deposition Deposition
(MeV/g)
(MeV/g)
6.41E-08
2.82E-09
3.89E-08
1.94E-09
2.59E-08
1.36E-09
1.86E-08
1.01E-09
1.40E-08
7.78E-10
1.08E-08
6.67E-10
8.61E-09
4.97E-10
7.01E-09
4.06E-10
5.60E-09
3.19E-10
4.63E-09
2.43E-10

Lead Shield

Clear Shield

Shielding
Factor Reduction
4%
96%
5%
95%
5%
95%
5%
95%
6%
94%
6%
94%
6%
94%
6%
94%
6%
94%
5%
95%

Energy
Deposition
(MeV/g)
4.44E-09
3.04E-09
2.13E-09
1.66E-09
1.29E-09
9.65E-10
7.22E-10
6.20E-10
5.06E-10
4.24E-10

Shielding Factor Reduction
7%
93%
8%
92%
8%
92%
9%
91%
9%
91%
9%
91%
8%
92%
9%
91%
9%
91%
9%
91%

Estimation of Occupational Exposure
Normalized radiation exposure rate was 0.011 mrem hr-1 mCi-1± 0.018, 95% CI [0.0020.020] for rolling lead shields and 0.006 mrem hr-1 mCi-1± 0.005, 95% CI [0.003-0.0082] for
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rolling clear shields. The standard deviation for the lead and clear rolling shield was 0.018 and
0.015, respectively, greater than the mean. The variation of the data causing the standard
deviation to be much larger compared to the mean for the lead and clear rolling shields resulted
from higher outlier values. The estimated occupational exposure that a nurse could receive after
a 12-hour work shift was calculated from the different rolling shields. With rolling lead shields,
the average weighted exposure of a nurse caring for a 5-year-old would be 42.24 mrem (peak
282.24 mrem) and 75.10 mrem (peak 501.76 mrem) for a nurse caring for a 10-year old. The
average weighted exposure for the clear rolling shields would be 21.50 mrem (peak 58.04 mrem)
for an average 5-year-old and 38.22 mrem (peak 103.18 mrem) for an average 10-year-old
during a 12-hour nursing shift. Table 4.4 summarizes the normalized radiation exposure rate and
occupational exposure extrapolation for rolling lead and clear shields.
Table 4.4: Normalized Radiation Dose and Exposure Extrapolation
Normalized Exposure Rate
(mrem hr-1 mCi-1)

Lead
Rolling
Shields
Clear
Rolling
Shields

Weighted Exposure over 12-hr nursing
work shift
(mrem)
Average Peak
Average Peak for
for 5for 510-year- 10-yearyear-old year-old old
old

Average

Standard
deviation

Range

N = 19

0.011

0.018

(0.0005
-0.073)

42.24

282.24

75.10

501.76

N = 18

0.006

0.015

(0.0008
-0.015)

21.50

58.04

38.22

103.18

From the data, it was concluded that there were no differences between the two types of
rolling shields (U = 171, p = 0.33). The bar graph in Figure 4.5 presents the results of comparing
the rolling shields.
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Figure 4.5: Mann-Whitney U-Test Results of Rolling Shields

Figure 4.5 The Mann-Whitney U-test compared the normalized exposure medians between the lead and
clear rolling shields and had a p-value 0.33 > 0.05 which showed that there was no statistical difference
between the two types of shields

Discussion
The use of shields for high-dose I-131 MIBG treatment requires extensive radiation
safety considerations for patients, caregivers, and occupational staff, so it was important to
evaluate the attenuation of clear rolling shields. The radiation shield density of lead is 11.34
g/cm3, while the clear shield with ammonium metatungstate has a density of 2.3 g/cm3, which
allows for the weight of the clear shield to be lighter in comparison.135,139 Leaded glass has
densities ranging from 4 g/cm3 to 5.9 g/cm3, which is greater than the clear shield with
ammonium metatungstate, making the lead glass shields heavier.135 The attenuation of the clear
shield was tested with a 3000 Ci Cobalt -60 (Co-60) source in accordance with ANSI/HPS
N13.11, "Personnel Dosimetry Performance – Criteria for Testing" standard.139,140 The criteria
testing determined that the HVL of Co-60 was 0.5 inches with lead and 1.5 inches for the clear
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shield.139 Even though the clear shield required one more inch of shielding to attenuate 50% of
the energy from Co-50, the weight of the clear shield was 37.56% less than the lead.139
Dose rate measurements were taken for two MIBG therapies for patients receiving 200
mCi and 980 mCi of I-131 with clear rolling shields.133 The measurements were taken with and
without the clear shields at 6 feet from the patient. The shields reduced radiation exposure by
90%.133 Flori et al. set up optically stimulated luminescence (OSL) monitoring devices in an
isolation room with an 11-year-old patient who received 811 mCi of I-131 MIBG treatment with
rolling lead shields.141 The mean dose rate on the side of the bed, in front of a rolling lead shield
and behind it, showed an attenuation reduction of 95%.141 Another study also used OSL
dosimeters inside the isolation room for I-131 MIBG treatment around the rolling lead shields,
caretaker, and adjacent room. The dose range by the patient’s bed and behind the lead shield
reduced radiation exposure by more than 90%.142 A few studies have evaluated lead and clear
shields, but no studies have compared the attenuation difference between the two rolling shields
used during radiation isolation.142
Two rolling shields were used to cover the entire length of the patient but were not
completely flushed, leaving a 4.2-inch gap with the lead shields and a 1.4-inch gap with the clear
shields. Even though the rolling lead shields had a larger gap, the shielding reduction of the lead
was still higher than the clear shields at all 10 modeled distances away from the shield. The
caretaker was positioned offset from the gap between the shields by the end of the patient bed.
The room size was a consideration to create a greater distance between the patient without being
completely separated from the patient.38 Decreased dose rate of I-131 can be managed by
increasing distance.143 Chuamsaamakee et al. used non-lead lined rooms but did not set-up the
room to create distance from the patient to the caretaker.142 Optimization of the room set-up was
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important to properly reduce radiation exposure to caretakers and occupational staff. Radiation
dosimeters have shown that the lowest mean radiation dose is at the end of the patient’s bed by
the foot while the highest was to the side of the patient behind the shield.141,142 MCNP modeling
confirmed that the shields were used properly in the rooms and the positioning of caretakers
from the shields was appropriate, off-set from the center gap of the shields.
Aside from MSKCC, standard hospital rooms and rolling shields to treat I-131 MIBG
patients have also been utilized and evaluated in London, France, Thailand, Korea, and
Brazil.38,142,144-146 Gains et al. showed that restricting parents from children caused emotional
stress and was unnecessary.144 For patients who had one I-131 MIBG treatment, the median
exposure of caretaker(s) was 16.3 mrem (range 0.3-310.4 mrem), and for patients who had two I131 MIBG treatments, median exposure of caretakers was 30.2 mrem (range 0-528.2 mrem).144
The higher caretaker exposure in Gain et al.’s study was associated with a younger child in
diapers who was 2 years old.144 At the Oscar Lambret Center in France, where caretakers were
allowed to be in the room with the patient throughout the day and stay behind a lead shield,
whole-body exposure ranged from 1.8 to 287.7 mrem.147 At Asan Medical Center Children’s
Hospital in the Republic of Korea, the mean radiation exposure of 11 caretakers was 580 mrem
(range, 80-1990 mrem), with higher radiation exposure to caregivers with children under 4 years
old.145 Willegaignon et al. measured 22 caretakers who received a mean radiation dose of 188
mrem (range 19-899 mrem), and the higher exposure among caretakers was from patients who
were 1.8 to 3 years old.146 In a previous paper that evaluated caretaker exposure at MSKCC, the
median 54.3 ± 32.3 mrem/caretaker was along the same lines at London and France, but the
maximum exposure to one single caretaker was 145 mrem for a 3-year-old, which was much
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lower than other studies.38 While caretakers were allowed to be in the same room with the patient
at MSKCC, the caretakers needed to stay behind the rolling shields at a certain distance.38
In stricter I-131 MIBG settings, patients are in dedicated lead-lined rooms and
surrounded by rolling lead screens. The caretaker is separated from the child, communication is
through an intercom or video, and visitation is limited. At Boston Children’s Hospital, dedicated
lead-lined rooms were used, allowing one caregiving to stay in a room separate from the
patient.15 The mean dose for the caretakers was 179 mrem (range 35-381 mrem).15 Hjovernick et
al. evaluated the radiation exposure of 21 caretakers and family members for 5 patients who were
treated in dedicated lead-lined rooms and rolling shields.148 The mean exposure of the caretakers
and family members was 286 mrem (range 10-800 mrem), with higher radiation exposure from
patients who were 3 years old and younger.148 The studies identified that regulatory limits of 0.5
rem can be achieved in both lead-lined rooms and less restrictive radiation isolation rooms, but
special attention should be considered for younger children under the age of 4, who are generally
associated with higher exposure to caretakers.148 Our studies demonstrated that caretakers can
remain below 0.5 rem while in the room with the patient, and occupation staff are able to stay
below the occupational limit of 5 rem annually.
Parental anxieties are associated with children’s hospitalization and are further coupled
with fears associated with radiation.17,149,150 For children, hospitalization can be a very stressful
situation that is accompanied by distress and anxiety if they need to be separated from the parent.
We aimed to approach I-131 MIBG treatment through family-centered care and reduce
separation effects.38 To properly manage anxiety, educational information was provided to
caretakers to understand radiation exposure, understand the use of the shields, distance from the
patient as it relates to radiation, and reliance on nursing support. Studies have identified that less
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restrictive safety measures can be applied by using rolling shields without separating the patient
from the caretaker.38,146
The exposure data obtained from the electronic dosimeters revealed no statistical
differences between the lead and clear rolling shields. The average and peak weighted exposure
applied was extremely conservative and assumed that the nurse spends the entire 12-hour shift
with the patient in radiation isolation, but nurses typically spend 3 hours on average in patients’
rooms.151 The data revealed that both shields provided sufficient radiation protection to stay well
below the public and occupational dose limits.152 There was no significant exposure risk using
the clear rolling shields. However, it might be argued that there are real benefits to the clear
rolling shields for patients, caretakers, and nurses. The patients can see the caretaker and nurses
through the shields. Even though the caretakers and nurses would be at a distance, the patient
would still see them and not feel isolated or alone in the room. A window to see the patient and
facilitate contact was a behavioral support strategy identified to reduce the effects of isolation for
patients, families, and healthcare workers.153 Caretakers and nurses would see and monitor the
patient through the shields without needing to look over the shields. The lighter weight of the
clear rolling shields allows for easier transport for the room set-up and to move in case of an
emergency. Importantly, the significance of the clear rolling shield is that it provides enough
attenuation compared to rolling lead shields.
Limitations of the Study
The study had several limitations. The configuration of standard private hospital rooms
varies, and the Monte Carlo simulations did not account for this variation in terms of the
caretaker exposure data. The radiation exposure was normalized per activity, but as seen in
previous studies, exposure and activity are not always directly correlated. Radiation exposure
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tended to be higher for younger patients who received lower activity because I-131 MIBG
treatment is weight-based, and patients tended to be smaller in size, thus reducing any selfabsorption attenuation within the patient. Lastly, while we were able to compare real exposure
data when the clear and lead shields were used, we are unable to determine the exact events in
the treatment room, average contact times, or distances between patients and caregivers.
Conclusion
The use of rolling lead shields has allowed the delivery of high doses of I-131 in nondedicated lead-lined rooms, allowing caretakers to be in the room with the patient and maintain
exposure within regulatory limits.38 However, there are some disadvantages to rolling lead
shields compared to clear rolling shields. Clear rolling shields are lighter in weight and
transparent, offering some advantages over traditional opaque lead-lined shields. The weight of
the clear shield is half the weight of lead with equal shielding.133 The clear rolling shields allow
for a direct line of sight to the patient, reducing psychological impacts of isolation for the child
and caretaker without compromising attenuation or increasing occupational radiation exposure.
Given the advantages of the clear rolling shields, these can be used alongside rolling lead shields
to protect caretakers and nurses from exceeding regulatory radiation exposure limits.
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CHAPTER 5: DISCUSSION AND CONCLUSION
Study Findings and Interpretation
Aims 1 and 2
Summary of findings
These studies provided significant insight into how nurses’ perceptions of radiation
isolation impacted their attitudes towards patients requiring such treatment. Although a large
(77.6%) proportion of the sample showed an average knowledge of radiation protection
practices, most of the perceived radiation risks were associated with insufficient knowledge.
Analysis of participants’ responses yielded six common themes: (a) concerns over radiation risk,
(b) inconsistencies in radiation isolation infrastructure, (c) radiation safety training deficiencies,
(d) misconceptions resulting from the identified inconsistencies, (e) differences in perceptions of
radiopharmaceutical therapy between day- and night-shift nurses, and (f) differences between
nurses attending to adult and those attending to pediatric patient populations. Also, when
comparing dayshift and nightshift nurses, there were differences in the levels of training with
regard to radiation protection and handling radiation-related emergencies. Other findings were
differences between pediatric and adult care nurses, which could be attributed to differences in
the types of patient populations involved. Overall, all participants were interested in gaining
more knowledge on radiation exposure risks and how to effectively address emergency situations
involving radiation leaks, spills, and contamination. There was also a consensus on the need for
more standardized protocols related to radiation treatment to improve nurses’ understanding of
their roles and minimize variations in care.
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Consistency with previous studies
Most of these findings are in line with what other studies have previously reported. The
differences between adult and pediatric care nurses can be attributed to differences in patients’
ages, medical histories, and cognitive, emotional, physical, and clinical abilities.110 As a result of
these differences, nurses take approaches specifically suited to each patient’s needs. Moreover,
the association between insufficient knowledge of radiation protection and misconceptions about
risk was established in previous studies. One such study found that 86% of participating
radiology nurses were convinced that the monitoring badge protected them from harmful
radiation.114,154 This is a misconception, yet it was also expressed by some of the participants in
the present study. These misconceptions explain differences in levels of knowledge and
unwarranted fears about radiation isolation. As a consequence, studies have found that 40% of
nurses from various hospitals expressed fear of participating in treatment involving radiation due
to concerns that exposure could lead to infertility and cancer.114 These studies also lent support to
the association between years of nursing experience and radiation knowledge as established
through extant literature. The more years, the more confident and knowledgeable the nurses were
when it came to radiation protection. Previous research on the matter shows that there is a need
for more education to reduce fear.14 The same was found in these studies, as participants
expressed the need for better training and information on radiation protection and how to handle
emergency situations.
New contributions to literature
Although the findings add to the knowledge drawn from other research, they also add
new dimensions to the understanding of nurses’ perceptions of the risks associated with radiation
isolation. Previous literature has already established that nightshift nurses lack the same access to
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in-services available to their daytime nurses and that adversely impacts their level of knowledge
and competence.123 However, these studies failed to assess the distinct differences between
daytime and nightshift nurses working with patients requiring radiation treatment. From the
present study, although there are no significant differences in knowledge between the two
populations, there are differences in the levels of training and resources available to the two
groups and the amount of support they get. Health organizations must take notice of these
disparities since they could help to inform practice and policy changes to ensure all nurses,
regardless of shift, provide the best care possible. Also, the participants reported experiencing
difficulties when trying to explain radiation protection guidelines to patients or their families and
friends. Suggestions on how to address these challenges revolved around education and
standardization of radiation protocols which promise significant improvements if properly
executed.
Aim 3
Summary of findings
This study provided data on the effectiveness of shields for protection against radiation
during treatment with high-dose I-131. From the data analysis, both lead and clear rolling shields
were effective in attenuating radiation from I-131. Even when the gap between the rolling shields
was wider, they still showed a higher effectiveness in attenuating I-131 radiation than their clear
counterparts at all the modelled distances. Also, the room size was an effective determinant of
the level of exposure to radiation. A layout that allows for greater separation between the patient
and nurse is more effective since it allows for the latter to be in the same room with the patient
with higher confidence in the effectiveness of the shields to protect them. Through MCNP
modelling, the study confirmed that the shield positioning offered effective protection to nursing
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staff who were positioned off-set from the shields’ center gap. Moreover, the study found that
adhering to effective radiation shielding guidelines could help caregivers to remain in the same
rooms as their patients when delivering radiopharmaceutical therapy and still remain under 0.5
rem during radiation isolation period and the annual 5 rem occupational limit. The ability to stay
in direct line of sight with the patient and their caregiver was found to be important in the
management of patient anxiety by ensuring that the patient did not feel deserted.
Consistency with previous studies
The findings corroborate those from previous studies on this topic. One such study found
the density of a lead radiation shield to be 11.34g/cm3, which is almost five times the 2.3 g/cm3
density of ammonium metatungstate found clear shield.135,139 This difference in density explains
why the clear shields were lighter than their lead counterparts in the present study and why the
much denser lead shields were more effective in attenuation high-dose I-131 radiation. Also, a
study examining the attenuation effect of a lead shield found that it reduced radiation by more
than 90%, further showing how effective lead shields are in offering radiation protection.142 The
fact that the study showed the two types of shields to be effective in protecting caregivers and
medical staff further validates the reported findings. Also, various studies have found that the
size of the room is a crucial determinant of whether the caregiver and nurse can be in the room
with the patient.38 This study found that rolling shields provided a sufficient reduction in
radiation exposure to the caregiver and nursing staff. In other scenarios where the patient and
caregiver are separated, this becomes more challenging for the caretaker and patient, who is
typically a young child, resulting in anxiety for both.149,150 Through its findings, this study
confirmed this observation and provided proof that rolling shields can be used in conjunction
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with lead shields to ensure that patients keep a direct line of sight with their caregivers,
significantly reducing treatment anxiety and challenges to the medical staff involved.
New contributions to literature
Although few studies have evaluated lead and clear shields, no studies compared the
attenuation difference between the two during radiation isolation. This study compared the two
types of shields, and the findings show how each type’s advantages can be leveraged to ensure
that medical staff and caregivers are adequately protected when they are in the same room as the
patient. Moreover, since the study examined how the shields differed in terms of effectiveness, it
found that the clear rolling shields are effective in radiopharmaceutical therapies requiring
radiation isolation. This is the case because the present study’s estimations were based on the
assumption that nurses spent 12 hours with patients in radiation isolation, which is extremely
conservative compared to the three-hour average established through research.151 Hence, clear
rolling shields can be used so that nurses can benefit from their reduced weight and the ability to
maintain a line of sight with the patient, which lowers patient anxiety and streamlines the
treatment process.
Generalizability
This study has high generalizability since its findings confirm that nurses share the same
negative image associated with radiation as the public. There is a general similarity in nursing
perspectives caring for infectious isolation patients as for radiopharmaceutical patients requiring
radiation isolation. The findings from the present and extant studies provide sufficient proof that
a significant proportion of nurses are still hesitant to provide care to patients requiring any form
of radiopharmaceutical therapy due to concerns about the risks that such treatment poses to the
nurses. These concerns point to another generalizable observation made in the present study:
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there are significant gaps in radiation knowledge and training. The nurses in this study all work
in a large cancer hospital that treats with radiation, and they have overall higher than average
radiation knowledge compared to other studies. In other institutions that may not use radiation
widely or have regular radiation safety training, the knowledge gap may be larger, and the
impact of care on patients in radiation isolation could also be greater.
From the content presented in these studies, most nurses lack the knowledge to form
informed conclusions about their levels of risk when dealing with patients requiring radiation
isolation. As a result of the insufficient knowledge, many form misconceptions and adverse
perceptions, which impacts patient outcomes. Another generalization that can be drawn from the
present studies concerns the use of rolling shields to protect staff during radiation isolation setup. Together with extant literature on this topic, this study found that rolling shields are effective
in protecting nurses and patients’ caregivers from harmful radiation. Such knowledge can be
used to educate medical professionals to assure them of their safety so that they can confidently
provide treatment to their patients.
Limitations
Aim 1
This study presented several limitations. The participants were all from the same
institution, and the results could be limited. The COVID-19 pandemic made recruitment
challenging, as nurses were among the most critical frontline workers in the fight against the
SARS-CoV-2 virus. Also, some focus groups had fewer than four participants. Such a limited
sample could have possibly limited the range of experiences and insights, which could have
adversely affected the validity of the findings. That is because traditional focus groups in
marketing have 10 to 12 participants, with the more recent popular focus groups consisting of
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four to six participants.103 Moreover, the number of pediatric night nurses may not have been
well represented as compared to the other subgroups. However, some nurses covered both day
and night shifts, but this information was not adequately captured. Another significant challenge
came from the fact that the pandemic limited in-person interactions. As a result, the focus groups
were conducted virtually, which could have limited interactions and non-verbal cues that would
have otherwise been acquired from in-person sessions.
Aim 2
This study also presented several limitations. First, there is a possibility that response bias
might have adversely impacted the responses since the questions were concerned with the
respondent’s professional competence and could thus be considered hostile. Also, the findings
might have been subject to selection bias if only nurses who felt comfortable about their
knowledge participated in the questionnaire, which could skew the results. Moreover,
convenience sampling might have affected the representativeness of the sample since
participants were drawn from one institution and may not be generalizable to other nurses.
Aim 3
There were several limitations in this study as well. Since the configuration of standard
private hospital rooms varies, the Monte Carlo simulations might have been inaccurate as they
did not account for this variation when analyzing the caretaker exposure data. In this study,
radiation exposure was normalized per activity, although previous studies have shown that
exposure and activity are not directly correlated. Radiation exposure tended to be higher for
younger patients who received lower activity because I-131 MIBG treatment is weight-based.
Finally, while it was possible to compare real exposure data when the clear and lead shields were
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used, it was not the case when it came to determining the exact events in the treatment room,
average contact times, or distances between patient and caregivers.
Study Strengths
Despite the limitations discussed in the previous section, this study enjoys one main
strength: its mixed-methods approach. This study used a mix of quantitative and qualitative
methods to study the topic at great length. According to research, mixed-methods research
allows for the integration of rich subjective insights drawn from qualitative inquiry with the
objective and generalizable data acquired through quantitative approaches to get a more
complete understanding of the phenomenon under study.155 In the case of this study, the focus
groups provided an opportunity to understand nurses’ subjective perspectives on radiation
isolation, whereas the questionnaire and MCNP modelling provided objective data. The
combination of these approaches provided a clearer picture of how nurses’ perceptions impact
patient outcomes. Moreover, the mixed-methods approach allowed for an even more in-depth
interrogation of the various factors that influence nurses’ perceptions, and these could be
considered when developing interventions to promote their confidence and willingness to
provide care to patients in need of radiation isolation.
Implications for Future Research and Recommendations
Future studies can build on the findings of this study in a number of ways. First, they can
design and test different education modules to determine the effectiveness of the training
program. The study revealed the unmet needs and training gaps that health care professionals
associated with ionizing radiation, how they understoon the risks, and how they responded to
their own perceptions of risk. The negative perceptions of radiation risk by nurses adversely
impact care for patients requiring radiation isolation. The study found that clinical and practical
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interventions could address the negative association around caring for patients in radiation
isolation. Meet the radiation training gaps and misconceptions would require more in-service
training on radiation exposure risks, the provision of evidence like case studies, and drills on
how to manage emergencies involving radioactive isotopes. Such training would enhance nurses’
knowledge in matters of radiopharmaceutical therapy and make them more confident and
capable providers.
Other objective future studies could address different programs’ components to identify
those that work well and recommend a new universal program that would be effective across
different organizations. Moreover, stakeholders should assist in developing standardized
protocols for the care of patients receiving radiopharmaceutical therapy requiring radiation
isolation and incorporate some infrastructure changes that were implemented during the care of
COVID-19 patients. The participants in the focus groups communicated that the education,
guidance, and different platforms for nurses to communicate, interact with, and care for COVID19 patients could be utilized for nurses to better care for patients requiring radiation isolation.
Lastly, future studies could examine the optimal arrangement of rolling shields and the
space requirements necessary to ensure maximum protection of nurses to guide the layout of
hospital rooms where radiopharmaceutical therapy will be administered. The study evaluated
how effective the different rolling shields are at reducing radiation exposure but did not look at
different configurations of the shields.
CONCLUSION
This study set out to assess the impact of nurses’ perceptions of radiation isolation on the
care delivered to patients. Since cancer is a significant and growing public health concern, it is
important to examine the factors that may be affecting the effectiveness of its treatment. Through

99

a mixed-methods approach, the study revealed some of the significant factors influencing
oncology nurses’ perceptions of radiation isolation and their willingness to provide care to
patients needing it. The study also discussed the findings’ implications on practice and provided
recommendations for future studies to build on the findings presented herein. It is the author’s
hope that this study will bring significant improvements in the quality of care for patients
requiring radiopharmaceutical therapy as nurses gain confidence in their safety and ability to
manage emergency situations.
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APPENDICES
Appendix A: Commonly Used Acronyms, Abbreviations and Terms
Term

Definition

ALARA

As Low as Reasonably Achievable. This principle means that if
receiving dose has no direct benefit (even if it is small), should try to
avoid. To follow this principle, three basic protective measures in
radiation safety can be used: 1) Time, 2) Distance, and 3) Shielding
Helium nuclei (2 protons, 2 neutrons) and are generally emitted by
very heavy nuclei.

Alpha

Atomic bomb

Beta

Atomic bomb is a nuclear weapon that is an explosive device that
releases nuclear energy by fission of heavy atomic nuclei, causing
damage through heat, blast, and radioactivity.
Beta is a high-energy, high-speed electrons (B-) or positrons (B+)
that are ejected from the nucleus.

Brachytherapy

Brachytherapy is a form of radiotherapy where a sealed radiation
source placed inside or next to the area requiring treatment.

Contamination

Contamination is also called radiological contamination, is the
deposition of, or presence of radioactive substances on surfaces or
within solids, liquids or gases (including the human body), where
their presence is unintended or undesirable (from the International
Atomic Energy Agency (IAEA) definition).
Diagnostic images refers to a variety of non-invasive methods for
identifying and monitoring diseases or injuries via the generation of
images representing internal anatomic structures and organs of the
patient's body.
External beam is a method for delivering high-energy x-ray or
electron beams to a patient's tumor. Beams are usually generated by a
linear accelerator and targeted to destroy cancer cells while sparing
surrounding normal tissues.
Fission is the action of dividing or splitting something into two or
more parts.

Diagnostic images

External beam

Fission

Foley catheter

Foley catheter is a tube through the urethra and into the bladder to
drain urine.
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Term

Definition

Gamma

Gamma are high-energy photons of electromagnetic radiation emitted
by excited nuclei in their transition to lower nuclear energy levels.

Half Value Layer

The half value layer (HVL) is the thickness of a shielding material
required to reduce the intensity of radiation at a point to one half of
its original intensity
Hematological toxicity is the increase of bone marrow and blood
cells, which may lead to infection, bleeding, or anemia.

Hematological toxicity

Hospital isolation

Hp(10)

Interventional radiology

Ionizing radiation

Isolation

Linear no-threshold
Model (LNT)
Linearity

Man-made radiation

Hospital isolation can be one of seven isolation categories: 1. strict,
2. respiratory, 3. protective, 4. enteric, 5. wound and skin, 6.
discharge, and 7. Blood.
Hp(10) is a personal dose equivalent assessment of dose to deep
organs with a depth of 10 mm.
Interventional radiology is a technique where medical imaging
guidance, such as x-ray fluoroscopy, computed tomography,
magnetic resonance imaging, or ultrasound, are used to precisely
guide medical therapies to the internal structures of the body through
small incisions or body orifices.
Ionizing radiation is a type of energy traveling as a particle or
electromagnetic wave that carries excess energy to detach electrons
from atoms or molecules to ionize them.
Isolation is to prevent the spread of infectious diseases.

Linear, No-Threshold; a hypothesis for radiation dose-response that
suggests that all exposure to radiation is potentially harmful and the
risk increases linearly with dose.
Linearity is the consistent output of radiation based on radiation
intensity, distance and exposure time.
Man-made radiation is outside naturally occurring source of radiation
used in medical applications such as diagnostic X-rays.

Metaiodobenzylguanidine Metaiodobenzylguanidine (MIBG) acts as a blocking agent for
(MIBG)
adrenergic neurons. Can be used in neuroendocrine antineoplastic
treatments, particularly neuroblastoma tumors. When MIBG is
combined with radioactive iodine, it provides a way to identify
primary and metastatic disease.
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Term

Definition

MeV/g

MeV/g is a single dose per source particle (Air Kerma which gives
the kinetic energy released per unit mass) in units of
megaelectronvolt (MeV) per gram tissue (MeV/g).
Neuroblastoma is cancer often found in the small glands on top of the
kidneys (adrenal glands). Children ages five or younger are most
commonly affected.
Nuclear explosion occurs as a result of the rapid release of energy
from a high-speed nuclear reaction.

Neuroblastoma

Nuclear explosion

Peptide receptors
radionuclide therapy
(PRRT)
Permissible dose

Peptide receptors radionuclide therapy (PRRT) form of molecular
targeted therapy by using a small peptide to treat neuroendocrine
tumors.
Permissible dose is the limit of allowed radiation exposure.

Personal dose equivalent

Personal dose equivalent is given the symbol Hp(d). Operational
quantity for individual monitoring at an appropriate depth, d, for the
assessment of a specified point on the human body.
Photon particle represents a quantum of light or other
electromagnetic radiation. Photon carries energy proportional to the
radiation frequency but has zero rest mass.
Radiation is the emission and propagation of energy through space
and/or through a material medium in the form of waves or, by
extension, corpuscular emissions such as a or ß particles.
Radiation exposure is a measure of the ionization of air due to
ionizing radiation from photons; that is, gamma rays and X-rays. It is
defined as the electric charge freed by such radiation in a specified
volume of air divided by the mass of that air.
Radiation isolation protects others from radiation by placing room
restrictions, visitation restrictions and shielding.

Photon

Radiation

Radiation exposure

Radiation Isolation

Radioactivity

Radionuclide therapy

Radioactivity is the property of certain nuclides of spontaneously
emitting particles or gamma radiation following orbital electron
capture, electron emission, isomeric transition, nuclear
rearrangement, or spontaneous fission.
Radionuclide therapy is the type of radiation therapy that is linked to
a cell-targeted molecule and injected into the body.
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Term

Definition

Radiopharmaceutical

Radiopharmaceutical is a radioactive compound used for diagnostic
or therapeutic purposes.

Radiotherapy

Radiation therapy that uses high doses of radiation to kill cancer cells
and shrink tumors.

Rem

Rem is exposure to that amount of ionizing radiation causing the
biological damage.

Roentgen

Roentgen is the unit of ionizing radiation, the amount producing one
electrostatic unit of positive or negative ionic charge in one cubic
centimeter of air under standard conditions.
Shielding factor is the ratio of the mean fluence rate inside the
sample volume to the fluence rate incident on the sample.

Shielding Factor

Stigma

Stigma is the mark of disgrace associated with a particular
circumstance, quality, or person.

Tolerance dose

Tolerance dose is something toxic (nuclear radiation), believed to be
the maximum that can be taken without harm.

Unrestricted area

Unrestricted area is where a person could not be exposed to radiation
levels in excess of 2 millirem in any hour from external source of
radiation.
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Appendix B: Focus group guide
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Appendix C: Radiation safety instrument
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Appendix D: Monte Carlo N-Particle Transport Code with No Shields
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Appendix E: Monte Carlo N-Particle Transport Code with Clear Rolling Shields
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Appendix F: Monte Carlo N-Particle Transport Code with Lead Rolling Shields
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